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are engaged in family practice 
HIV/AIDS Human Immune Deficiency Virus/Acquired Immune Deficiency 
Syndrome 
HREC Human Research Ethics Committee 
ICC Intra-class/cluster (where relevant) coefficient.  ICC is a relative 
measure of reliability (2) 
ICF International Classification of Functioning, Disability and Health 
ITT Intention-to-treat (analysis) 
LMIC Low- and middle-income countries 
m Metre 
m/s Metres per second (velocity) 
MA Meta-analysis 
MCID Minimum clinically important difference 
MD Mean difference 
MDC Minimum detectable change.  MDC is the amount of change in a 
given measure which represents a true change between two testing 
opportunities (3) 
MeSH Medical Subject Headings 
MMSE Mini-Mental State Examination 
MRC Medical Research Council (United Kingdom) 




Abbreviation  Definition 
NCD Non-communicable diseases 
NHANES National Health and Nutrition Examination Survey (United States of 
America) 
NICE National Institute for Clinical Excellence (United Kingdom) 
NNS Number needed to screen (to randomise one individual to an 
intervention) 
OEP Otago Exercise Programme 
OR Odds ratio 
P Participant 
PA Physical activity 
PICOS Participants, interventions, comparisons, outcomes, study design 
PRoFaNE Prevention of Falls Network Europe 
PP Per protocol (analysis) 
QoL Quality of life 
RCT Randomised control trial 
ROI Return on investment 
RPE Ratings of perceived exertion (for exercise). This study used the 
Borg RPE 
s Second/s 
SAS Self-assessment scales 
SD Standard deviation 
SEM Standard error of measurement. SEM is an absolute index of 
reliability (2) 
SMD Standardised mean difference/s 




Abbreviation  Definition 
SR Systematic review 
SUS Systems Usability Scale 
UCT University of Cape Town 
USA United States of America 
US$ United States of America dollars 
VOR Vestibulo-ocular reflex 
VRT Vestibular rehabilitation therapy 
WBB Wii Fit Balance Board 




Abbreviations of outcome measures 
Abbreviation  Definition 
ABC Activities-specific Balance Confidence Scale 
BBS Berg Balance Scale 
DGI Dynamic Gait Index 
FICSIT-4 Frailty and Injuries: Cooperative Studies of Intervention 
Techniques 
EQ-5D-3L EuroQoL Five Domain/dimension Three Level Quality of Life scale 
EQ-5D VAS EuroQoL Five Domain/dimension Visual Analogue Scale 
FTSST Five Times Sit to Stand Test 
GDS Geriatric Depression Scale 
M-CTSIB Modified Clinical Test of Sensory Integration of Balance 
Mini-
BESTest© 
Mini Balance Evaluation Systems Test 
PASE© Physical Activity Scale for the Elderly 
SEE Self-efficacy for Exercise Scale 
SF-36 and 
SF-12 
Short Form evaluations measuring self-reported health 
SLS Single Leg Stance test 
TUG Timed-Up-and-Go test. Two measures were used to assess 







> More than 
< Less than 
≥ Greater than or equal to 
≤ Less than or equal to 
≈ Almost equal to 
≠ Not equal to 
= Equal to 
 
 
Abbreviations of trial guidelines 
Abbreviation  Definition 
CONSORT Consolidated Standards of Reporting Trials (4) 
COREQ Consolidated Criteria for Reporting of Qualitative Research (5) 








GLOSSARY OF TERMS 
 
Activities of Daily Living (ADL): routine everyday activities, which require functional 
mobility and facilitate personal care, such as washing, toileting, dressing and 
meal preparation (7).   
Adaptation: exercises used in vestibular rehabilitation therapy to promote recovery of 
vestibulo-ocular gain. Lost function is not restored, but replaced by new 
operating systems in the brain, induced by active learning processes (8).    
Adverse events: defined by the Good Clinical Practice guidelines as any 
unfavourable and unintended sign, symptom or disease, which was absent at 
baseline (i.e. trial induction); or becomes worse than at baseline and is 
temporally associated with a treatment or procedure, regardless of attribution 
(9).  The relationship of the event to the treatment or procedure does not 
require proof (10).  Adverse events are not necessarily linked to participation in 
a clinical trial (10). 
Audiometry (pure tone): the evaluation and measurement (via testing) of hearing 
acuity across variations in sound intensity and pitch (11). 
Balance: the ability to maintain the body’s centre of mass over a small base of 
support provided by the feet. Also termed postural control. The vestibular 
apparatus senses gravity and head acceleration and is an important sensory 
system which contributes, along with vision and proprioception, to controlling 
posture (12).  A balance disorder is common in older adults, affecting 
approximately one third of all older adults; and may or may not be vestibular in 
origin (13). 
Benign Paroxysmal Positional Vertigo (BPPV): BPPV is the most frequently 
diagnosed vestibular disorder (14).  Vertigo is induced by moving the head into 
different gravity-dependent positions (14).  Provocative tests identify the semi-
circular canal affected and treatments involving repositioning.  Repositioning 
treatments are evidence-based and effective at one week when compared 
with sham manoeuvres (15).  BPPV has a good spontaneous recovery rate of 
50% within three months of onset (16).   
Cawthorne-Cooksey exercises: Cawthorne-Cooksey exercises were introduced in 
1946 for patients with head injury, and consist of generic, graded activities to 
stimulate the vestibular system (17).  Cawthorne-Cooksey exercises are 
essentially habituation exercises, VRT in contrast, has refined and customised 
rehabilitation strategies based on physiological and behavioural rationales (18). 
Community-dwelling older adults: there is confusion regarding the definition of 
community-dwelling (12).  In the context of this report, community-dwelling 
older adults are independent and capable of self-care (19).  They do not meet 
the pre-requisites for frailty, that is: vulnerable to increased risk for adverse 
outcomes, at risk of admission to a residential facility such as a nursing home, 
experiencing difficulties in the activities of daily living, and death (20, 21).  
Participants in this report were living completely independently, with no 
assistance from carers or adult children, in retirement villages. Most had a 
cleaner one morning per week, who undertook heavy domestic chores such 
as washing floors and bathrooms. Otherwise, participants managed self-care 
and running their homes independently.  
  




Cultural competence/sensitivity: cultural competence demands the effective provision 
of healthcare with due consideration of the social, cultural and linguistic 
requirements of the recipient (22).  Cultural awareness includes openness to 
methods of healing other than Western medicine (22). 
DALY: disability adjusted life year. The potential number of years lost due to 
premature death (23). DALYs are the sum of two measures: years of life lost 
and years lived with disability (24).   DALYs represent a health gap between the 
state of the population’s health compared to a normative goal (22). The concept 
has been extended to include the equivalent number of years of “healthy” life 
lost due to states of poor health or disability (22). DALYs express the burden of 
disease and aggregate total health loss at a population level (25, 26).    
Dizziness: a subjective perception of disorientation present either during movement 
or at rest (27).   
Dual-tasking: maintaining postural control/ walking speed as the primary task while 
doing a secondary task, which may be cognitive or manual.  Convincing 
evidence suggests that ageing increases the cognitive demands necessary for 
posture, balance and gait (28).  
Dynamic visual acuity test: a test which quantifies gaze stability between static 
(ability to read optotypes on visual acuity chart with head stationary) and 
dynamic (head moving) conditions.  The test is a functional measure of the 
vestibulo-ocular reflex (29). 
Error signals (in the context of vestibular rehabilitation therapy): vestibular 
hypofunction results in alterations in vestibulo-ocular reflex (VOR) gain. When 
the VOR is unable to maintain gaze stability due to deficits, head movements 
frequently result in visual blurring frequently. Thus, images slip off the fovea of 
the retina, a phenomenon known as retinal slip. Such slip creates an error 
signal perceived by the brain. Error signals prompt the modification of neural 
processes in the angular VOR pathway. Exercises such as X1 and X2 are 
prescribed in vestibular rehabilitation therapy, which foster alternative gaze 
stability strategies (30).   
Exergaming: also referred to as serious games, exergames are games played for 
exercise or rehabilitation purposes, with an interactive programme such as the 
Wii FitRT Balance Board or an X-Box Kinnect™ system. The Wii Fit Balance 
Board was used as the experimental intervention in this report.  
Fall/s: definitions in the literature vary (31).  A fall may be defined as unintentionally 
and involuntarily moving towards the ground or other lower level (32); which is 
not the result of a major medical intrinsic event or hazard, such as being 
struck by a vehicle (33). The definition is explored further in the Introduction.  
Fall risk factors: may be intrinsic, which are related to the health and socio-
demographic status of the person at risk for falls (34, 35); or extrinsic, related to 
environmental hazards such as uneven pavements (36).   
Fatalism: a collection of beliefs concerning predestination, pessimism and the 
attribution of life events, including health issues, to luck or fate (37).  Health 
fatalism may result from religious convictions, where illness and recovery are 
solely at the decree of God (38) or a supreme being.  
Frailty: frailty is an increased vulnerability to poor health outcomes, including 
mortality and morbidity, due to a decline in physiological reserves (39, 40).  
While frequently considered to represent a downward spiral of declining 
function, frailty is in fact dynamic and may improve (39). 




Global North: grouping of countries based on political and socio-economic 
categorisations (41).  The Global North comprises North America, Western 
Europe, and developed parts of East Asia (34).  Countries or regions where 
English is an official language or with Anglo-Saxon ties are considered parts 
of the global North (e.g. parts of Oceania) (34). The global South comprises 
Africa, Latin America, developing regions of Asia and the Middle East (34). 
Habituation: repeated exercises, which provoke symptoms in patients with an aim to 
acclimatise them to those symptoms and ultimately eliminate them (42). 
Habituation aims to programme the vestibular system to not respond, as 
opposed to adaptation, where the aim is to induce the vestibular system to 
respond differently (35).  
Hawthorne effect: alterations in behaviour resulting from observation of such 
behaviour (43).   
International dollars ($): one International dollar would buy, in a specified country, a 
comparable amount of goods or services that a US$ could purchase in the 
USA (44). 
Imbalance: dysequilibrium and postural instability that is present standing and 
walking (27).   
Labyrinth: collective term for a structure located in the inner ear comprised of three 
parts: the cochlea, whose function is hearing; the semi-circular canals, and 
the connecting vestibule, which is located between the cochlea and semi-
circular canals and contains the utricle and saccule (45).  The latter structures 
are concerned with vestibular function and balance (38). 
Low- and middle-income countries (LMIC): South Africa is regarded economically as 
an upper-middle income country (46).  However, the population health profile is 
more consistent with a low-income nation (39). 
Morbidity: disability resulting from chronic illness or disease, associated with 
reduction in quality of life (47). Linked with eventual mortality (40).    
Mortality: death of large numbers (48). 
Older adults: cognisant of the American Psychological Association’s 
recommendations (49), the terms elderly and senior have been avoided and 
instead the term older adult/s has been used throughout.  While generally 
accepted to indicate adults over 60-65 years of age, it is acknowledged that in 
LMIC, particularly for women from poor socio-economic circumstances, old 
age and its attendant issues may commence when the reproductive years end 
(50).  In the present thesis, older adults were defined as those ≥ 60 years of 
age, as per the South African Human Rights Commission2. 
Orthostatic hypotension (also referred to as postural hypotension): a prevalent 
condition in older adults, sometimes associated with autonomic nervous 
system dysfunction and more recently with falls (51).  A drop of ≥20mmHg on 
systolic and/or ≥10mmHg on diastolic within three minutes of having moved 
from supine to standing allows a diagnosis to be made (52). 
Otago Exercise Programme: an evidence-based (53) fall prevention programme, 
which works on improving balance and strength. Used as the gold standard in 
the present thesis. (See Appendix A).   
  
 
2 Reference: https://www.sahrc.org.za/index.php/focus-areas/disability-older-persons/older-persons  
Retrieved 7 October 2019. 




Physiotherapist: UK/South African terms for the professional referred to in the USA 
as a physical therapist. These professionals apply physical agents (heat, 
water, light) in treatment (54). They perform tests examining nerve, muscle and 
skin conditions and reactions (45). Physiotherapists prescribe exercise and 
massage among other treatment modalities (45). Physiotherapists specialise in 
movement sciences, and are leaders in rehabilitating balance and gait 
disorders (55). 
Polypharmacy: polypharmacy is the simultaneous use of multiple drugs by an 
individual and is thought to be present in ≈40-50% of all older adults in high-
income countries (56).  There is little consensus as to the quantity of drugs to 
constitute polypharmacy (57) and thresholds of ≥3 - ≥6 have been cited (58).  A 
conservative value of ≥4 drugs was used as a definition of polypharmacy in 
the present thesis.  Polypharmacy has been linked to falls (57) and increased 
frailty in numerous studies (58). 
Presbyacusis: increasing hearing loss experienced with ageing (59).  Presbyacusis is 
the result of a summed deterioration of hearing linked with environmental, 
sensory, metabolic and neural causes that all contribute to age-related 
hearing loss (49).  
Responsiveness: sensitivity to change, or the ability of a test to detect change over 
time when a participant/patient has truly experienced an improvement or 
deterioration in function (3). 
Romberg (test): commonly used balance test which has been shown to be helpful in 
predicating risk of falls in a LMIC (60).  Standardisation of the clinical test is 
somewhat lacking (50). For this study, the test was conducted with the feet 
positioned tightly together, with the Jendrassik manoeuvre (arms flexed, and 
fingers hooked together, using tension to try to pull them apart) and eyes open 
then closed for 30 seconds.  This is referred to as a standard Romberg test.  
Failure to hold the pose for 30 seconds with eyes closed is commonly 
attributed to neurological disease (50). A sharpened (sometimes referred to as 
tandem) Romberg test is conducted with the individual’s feet in a heel-to-toe 
position and is similarly held for 30 seconds in eyes open and then closed 
conditions (61). In the eyes open condition, sharpened Romberg is a valid and 
reliable test (62) and could be useful to predict fall risk (62). Sharpened Romberg 
with eyes closed is much more demanding and subject to greater variability in 
high functioning older adults (60).  It is likely that the latter condition measures 
a different construct than that involved in the eyes open condition (50). 
Sedentary behaviour/time: time spent in a seated or reclining position with low 
energy expenditure (for example, reading, working seated at a computer or 
watching television). Sedentary time is an important predictor of healthy 
ageing as well as being a modifiable determinant of health (63).   
Sensory substitution/re-weighting: after a vestibular or balance deficit, the 
comparative ‘weight’ of each of the incoming sensory cues (vestibular, visual, 
somatosensory) is re-evaluated and changed (64).  During vestibular 
rehabilitation therapy (VRT), patients are trained to use visual and 
somatosensory inputs to improve postural control and stability during motion 
(42, 64).  Sensory substitution is not a predictable process (65); however, when 
combined with adaptation, results of VRT may be better than habituation 
alone (42).   




Serious games: computer games whose main purpose is not entertainment and such 
games have applications in health, corporate and military training and 
education (66).   
Social desirability bias: research participants may give socially desirable responses 
to surveys in preference to responses which accurately reflect their true 
feelings. Drivers for social desirability bias may include ego and self-deceptive 
behaviours, and may lead to high no-response rates (67). 
Syncope and pre-syncope: syncope is a temporary real or apparent loss of 
awareness or consciousness due to cerebral hypoperfusion. It is 
characterised by rapid onset, short duration and spontaneous, complete 
recovery. Causes include vaso-vagal, orthostatic and cardiac issues. Pre-
syncope refers to the symptoms and signs before the loss of consciousness 
(68). 
Ubuntu: an Nguni word that can be represented by the phrase “I am because we are” 
and encompasses an African moral philosophy of embracing compassion, 
humanity and social responsiveness (69).  The interests of community are 
placed ahead of individual aspirations (70).   
Vestibular system: sensory and motor system which accomplishes the following: 
• Perception of body position and self-motion. 
• Orientation of the trunk to vertical. 
• Control of the body’s centre of mass, for both static and dynamic 
positions and movements by working with the body’s postural 
responses. 
• By using the vestibulo-ocular reflex pathways, stabilisation of the 
head/visual fields during movement (71).   
Vestibulo-ocular reflex (VOR): a three-neuron arc from the receptors and primary 
neurons in the vestibular inner ear, to the extra-ocular muscles of the eyes (72). 
The primary purpose of the VOR is to uphold retinal stability when the head is 
moving, and to prevent visual blurring (retinal slip) (59).  
VOR gain: the ability of the VOR to stabilise an image on the fovea of the eye and to 
match head movement with an opposite (but equal in term of amplitude and 
velocity) eye movement (73).  In perfect health, VOR gain = 1 (60). 
Vestibular rehabilitation therapy (VRT): compensatory, physical activity-based 
training to assist in the recovery from vestibular and balance lesions (64). Key 
principles underpinning VRT include adaptation, habituation and sensory 
reweighting/substitution (42).    
Vertigo: a sensation of self-motion when no self-motion is occurring. The term is 
derived from the Latin meaning turning, spinning or rotating (74). The symptom 
of vertigo is mostly caused by peripheral vestibular disorders (75).   
Wii Fit and Wii Fit Balance Board (WBB): the exergaming equipment and intervention 
programme used in this research. It is described in the Literature Review.   
X1 and x2 exercises: adaptation exercises prescribed in vestibular rehabilitation 
therapy programmes. These exercises require the achievement and 
maintenance of gaze stability when the head is moving. Exercises produce 
retinal slip and error signals, which are resolved by neural plastic processes in 
the brain (76).   
 





Ceiling effect/floor effect: ceiling and floor effects exist when a considerable 
proportion of subjects (e.g. 15%) score either best/maximum (ceiling) or 
worst/minimum (floor) scores. Floor and ceiling effects renders a test unable 
to discriminate between subjects at either extreme of the scale (77, 78).   
Number of patients needed to be screened (NNS): the number of patients who 
needed to be screened in order to randomise one patient, calculated as 
1
𝑟𝑒𝑐𝑟𝑢𝑖𝑡𝑚𝑒𝑛𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛
  (79).   
Odds ratio (OR): an odds ratio may be defined as the “ratio of probability that an 
event of interest (in this case, a fall) occurs to the probability that it will not” 
(80p.1468).   An odds ratio of 1 signifies no relationship between event 
occurrence and the risk factor (67). 
Sensitivity: the ability of a test to correctly identify patients with a disorder, diagnosis 
or event occurrence (for example, a fall). The test’s true positive rate (8). 
Specificity: the ability of a test to correctly identify patients without a disorder, 
diagnosis or event occurrence. The test’s true negative rate (8). 
 
 
A note regarding spelling of terms 
This report is written using South African English, which is modelled on United 
Kingdom English. For example, the spelling ageing is used in preference to the USA 
spelling aging. Where institutions based in the USA are cited, the USA spelling is 







Introduction: Fall risk, occurrence and injury is increasing as the world ages, and 
Africa and other emerging regions will not be spared.  Similarly, the rise of non-
communicable diseases, compressed morbidity and lack of physical activity present 
major challenges.  This novel feasibility study explored the use of an exergaming 
technology compared with a conventional, evidence-based exercise programme 
(Otago Exercise Programme) to reduce fall risk by improving balance, and to inform 
a future large-scale randomised control trial. 
Methodology: Mixed methods study in independent older adults with established fall 
risk.  The quantitative component employed feasibility Randomised Control Trial 
methodology.  Cluster-randomisation assigned interventions to sites. Single blinding 
was used.  Both interventions were offered for six months.  A variety of balance-
related endpoints (e.g., Timed Up and Go, Dynamic Gait Index, Mini-BESTest) were 
used to find the most applicable.  Patient-centred variables included questionnaires 
regarding depression, physical activity levels, quality of life and estimates of self-
efficacy for exercise.  Qualitative focus groups explored participants’ experiences of 
falls and the exergaming intervention using a phenomenology lens. 
Results: Site and participant recruitment was simple and readily achievable, with low 
numbers needed to screen required.  Eligibility criteria were confirmed and more 
added.  Adherence and attrition were major challenges.  Cluster randomisation 
appeared to exacerbate between-group differences at baseline.  The exergaming 
intervention produced preliminary evidence in its favour, with a marked reduction in 
falls and results approaching Minimal Clinically Important Difference.  The 
experience of the exergaming intervention was regarded as positive by focus group 
participants. Barriers and facilitators are reported. 
Discussion: Methodological issues in the literature have prevented firm consensus 
on the use of exergaming in falls prevention, although studies are abundant.  The 
current study used rigorous methodology in the novel context of a developing region, 
which offers numerous challenges for older adults.  Implications for a large-scale, 
fully funded RCT are discussed.  Lessons learned can be used to scale up service 
delivery for an under-served population; and promote the aim of well-being for all at 
all ages.





Outline of the Introduction  
This chapter introduces the study’s aims, objectives, research design, and 
outlines the main sections of the present thesis. The Introduction is divided into four 
sections, addressing different aspects of the research. First, there is a brief 
discussion of ageing and the global burden of falls.  Morbidity and mortality aspects 
are highlighted. A focus on the economic impact of physical inactivity and sedentary 
behaviour follows. The need for exercise-based interventions to reduce the risk of 
falls prompts a brief consideration of the role of rehabilitation and, finally, the 
audiologist as a stakeholder in fall prevention.  




Figure 1. Flow chart of organisation of Introduction. 





Purpose of the study 
Calls to maximise the potential of technology for rehabilitation, including 
exergaming3 in low-and-middle-income countries (LMIC) have been made (82).  
However, the focus of emerging nations, including China (83), Latin America,(84) and, 
South Africa (85, 86) has been on the young, or populations with movement disorders 
such as Parkinson’s disease (71).  This report is the first to compare a proven 
exercise-based intervention, the Otago Exercise Programme (OEP), to reduce fall 
risk in older adults by improving balance, with a novel intervention using interactive 
videogaming technology, specifically the Wii Fit Balance Board® (WBB), in a LMIC 
context (see Appendix A Exercise intervention programmes (OEP and WBB) for OEP and 
WBB description). 
Quantitative feasibility methodology employed a cluster randomised control 
trial (RCT) design to inform a potential, large, fully funded RCT.  Feasibility endpoints 
included recruitment of sites and participants, refinement of eligibility criteria, 
retention, and adherence.  Sample size and costs for a future RCT were calculated.  
Preliminary evidence was explored regarding changes in participants’ falls status 
and balance. Evaluation of participants’ experiences, particularly of complex 
 
3 See Glossary of Terms. 
Population ageing…is arguably one of the most significant social transformations of 
the 21st century; with direct and obvious implications to healthcare and health policy… 
 
…Ageing, of course, is inevitable and older people are more likely to have multiple, 
coexistent, and interrelated health problems. This fact, together with geriatric syndromes, 
frailty and impaired cognition, continence, gait, and balance, suggests the need for a more 
thorough “retooling” of the healthcare system and workforce to meet the health challenge of 
ageing.  




interventions, assists with interpreting trial outcomes (87).  Thus, mixed methodology 
was implemented.  Qualitative methodology used a phenomenological lens and 
focus group design with content analysis (88).  Blending the two research approaches 
enhanced the understanding of participants’ engagement with the interventions, and 
explored pertinent barriers and facilitators to both exercise programmes.  
Lessons learned could potentially inform the design of a possible future RCT 
of exercise-based fall prevention in different communities of older adults in emerging 
regions, where population ageing is a cause for concern.    
Unique aspects of the study. 
 There are several unique aspects presented in this report.  First, there is a 
dearth of falls research from LMIC.  While there is scanty knowledge of fall 
prevalence4, few trials concerning fall prevention have been conducted.  Recently, 
Malaysian researchers have conducted RCTs evaluating the OEP (89-92).  However, 
their multi-factorial, individualised interventions in specialised populations and 
research settings (76-80) prompt concerns regarding generalisability and suitability for 
large-scale application. Moreover, South Africa’s healthcare delivery and 
infrastructure closer resembles a low- (46) rather than an upper-middle-income 
country such as Malaysia (93). Thus, gaps in the literature exist, with applications of 
readily implemented fall prevention programmes suitable for implementation at a 
population level not having been evaluated in LMIC. 
Second, the report’s mixed methodology is among the first of a new 
generation of research designs into fall prevention.  Increasingly, the focus in 
healthcare research  considers end-users’ views and preferences (94).  This study 
solicited such opinions. Third, it offered an analysis of exergaming through a 
 
4 See Chapter I.  Fall Risk Factors in Older Adulthood. 




vestibular rehabilitation perspective, not previously described in the literature (see 
Chapter V.  Exergames and Evidence for the Wii Balance Board and Fall Prevention).  Fourth, it 
used the OEP as gold standard, compared with the WBB.  Rigorous comparison of 
these two interventions is lacking. Indeed, much of the critique of exergaming 
literature describes methodological issues; likely exacerbated by a lack of feasibility 
studies to prepare for appropriate RCTs.  Hence, a body of exergaming literature 
seeks to answer efficacy questions prematurely, leading to a lack of clear evidence. 
The present thesis considers all these concerns and attempts to respond to them. 
Finally, this research recognises repeated calls for audiologists to position 
themselves5 as members of a multi-disciplinary team to address the global crisis of 
falls. Fall-related research and intervention has been largely ignored by the 
profession.  RCTs are extremely rare in audiology and mostly focus on tinnitus 
management6. It is hoped that this work will encourage audiologists to embrace RCT 
methodologies and evidence-based practice (95).   
Outline of the present thesis. 
The Introduction explores aspects of the global pandemic of falls in older 
adults.  The role of rehabilitation and the audiologist is discussed.  Chapters I–V 
comprise a Chapter I.  Fall Risk Factors in Older Adulthood, which interrogates fall risk, 
prevalence, and prevention.  Where available, reports from LMIC are included, with a 
focus on Africa.  Later chapters discuss exercise-based interventions to prevent falls.  
Evidence for the OEP is discussed first, prior to interrogating exergaming and 
specifically the WBB.   
 
5 Discussed later in this Chapter. 
6 Search using MeSH terms randomised control trial + audiology on Trip database 
(https://www.tripdatabase.com/search?criteria=randomised+control+trials+%2B+audiology) 
conducted 27.4.2019 yielded 12 RCTs, mostly focused on tinnitus treatment. 




Chapter VI.  Methodology, commences with frameworks for the designs chosen.  
Quantitative and then qualitative design, material and procedures are described.  
Ethical considerations are discussed and expanded upon in the Appendices.  
Chapter VII presents the Chapter VII.  Results with quantitative results, followed by 
qualitative analysis of data from the focus groups.  Chapter VIII concludes the thesis 
with a Chapter VIII.  Discussion, which explores the results further and contrasts them 
with established literature.  Implications and recommendations for future research 
follow.   
Background and context for the study. 
 Globally, falls are a serious economic and public health concern (96). Falls 
present a significant morbidity and mortality threat across the lifespan, from early 
infancy (97) to young, middle (98, 99) and late adulthood (100). The following section 
introduces falls and ageing, and references falls to the global burden of disease and 
public health contexts.  
Construct of falls. 
The construct of a fall is complex, with fall definitions varying in the literature 
(31, 101).  Definition differences obfuscate the generalisability of clinical trials, treatment 
strategies and outcome evaluation, including meta-analyses (102, 103). Thus, 
researchers have been urged to use a standardised definition of falls, such as the 
one promulgated by the Prevention of Falls Network Europe (PRoFaNE7) (104).  
PRoFaNE’s classification has been successfully adopted, with compliance in up to 
75% of RCTs (105). 
 
7 PRoFaNE was a European collaboration of researchers focusing on falls and the effectiveness of 
prevention interventions. 
 




A fall describes an individual unintentionally and involuntarily moving towards 
the ground or other lower level (106), which is not the result of a major intrinsic event 
or hazard (32). Intrinsic events are idiosyncratic health-related issues, such as visual 
acuity or balance deficits (107) and may include age, sex, and ethnicity (108). Loss of 
consciousness due to syncope or stroke are examples of major intrinsic events 
excluded from this definition of a fall (12, 31). The definition excludes major extrinsic 
events like pedestrian traffic accidents (33). 
PRoFaNE suggested that a fall definition should be simple (32).  Moreover, lay 
perspectives should be sought when asking research participants about falls (29). 
Questioning fall occurrences should include slips, trips, and losing balance (29). Both 
these recommendations were adopted for this study, as they concur with 
recommendations from the American and British Geriatrics Societies, World Health 
Organisation (WHO), and the UK National Institute for Clinical Excellence (NICE) (31).  
 Falls and the Global Burden of Disease (GBD). 
 Falls are an important clinical issue for older adults, associated with increased 
morbidity and mortality, as well as having major implications for public health (107, 109, 
110). Although controversial, GBD studies often guide policy, prioritise spending and 
direct management strategies in public health (111).  GBD reports cluster major 
causes of morbidity and mortality into three large categories: communicable 
diseases (including maternal, perinatal health and nutritional disorders), non-
communicable diseases (NCD), and injuries (97).  Falls are an important contributor to 
unintentional injuries (85).  
GBD reports signal a reduced occurrence for almost all injuries, suggesting 
the world has become a safer place (25).  The exception to this decline is falls. The 
GBD ranking of falls increased from 24th to 15th place in importance between 1990 




and 2010 (24). Furthermore, the WHO cites falls as the second leading cause of 
accidental or unintentional injury deaths worldwide, exceeded only by transportation 
and road traffic incidents (23). In the United States of America (USA), falls are the 
leading cause of injury across almost all ages (112). An American older adult falls 
every second, requires emergency services for fall-related injury every 18 seconds, 
and there is a fall-linked death every 20 minutes (113). Data extracted from the USA 
National Vital Statistics database support European findings by demonstrating a 
marked increase in deaths due to falls in individuals ≥75 years of age (114).  The 
crude mortality rate increased from 51.6 per 100 000 in 2000 to 122.2 per 100 000 in 
2016 (102).  LMIC are not spared the phenomenon of injurious falls.  Data from 17 
countries across four different income rankings suggest that falls are associated with 
rural settings, increasing age8, female sex, and current or previous alcohol use (115).  
In South Africa, alcohol represents a significant health and social ill, with one of 
every three adults consuming alcohol and one in seven binge-drinking (116), making it 
a good location for the current and future studies on falls. 
Differences between the 1990 baseline and 2015/2017 GBD reports indicate 
improvements in overall health worldwide (117, 118).  The net result is longer life 
expectancy (117).  South Africa follows international trends as the number of deaths 
decrease, combined with a concurrent increase in older adults’ (≥60 years of age) 
absolute numbers and proportion of the overall population (119-121).  The Western 
Cape of South Africa, the setting for this research, now has the highest life 
expectancy in the country (120).  While mortality figures vary between countries, life 
expectancy predictions ignore the challenges of functional ageing, such as morbidity 
 
8 Note the referenced study only considered ages between 30 and 70 years. 




(118, 122, 123). Variations in the onset of markers of morbidity are explored in the next 
section. 
Recent (2017) GBD reports highlight differences in the onset of age-related 
disease globally (124).  For example, the health status of a 76-year-old in Japan is 
better than the global average for age-related disease at 65 years of age; while an 
individual from Papua New Guinea achieves the same global level for age-related 
disease at just 46 years of age (111).  Such data suggest that ageing in LMIC without 
adequate wealth and health, should raise concerns as nations “grow old before they 
grow rich (122p.310).”  Thus, Global North and South disparities should be identified and 
rectified to ensure greater health equity (118). 
A disability adjusted life year (DALY) represents a year of healthy life lost due 
to disability and expresses the burden of disease at a population level (25).  Of 
primary concern is that falls were responsible for a 50% increase in DALYs in the 
USA, according to the GBD 2010 report (24).  Thus, falls are associated with marked 
morbidity. Similar to deaths, falls are the second leading cause for a loss of DALYs 
after road accidents, with the incidence showing a clear upward trend (125).  Living 
longer can be conceived as the postponement of mortality (117).  However, increasing 
longevity may imply more years in which loss of functional capacity is experienced, 
that is, living with more morbidity (105).  The effect of having less years in good health 
is compounded by the earlier onset and rise in NCD (126).  Africa has not been spared 
such changes, and the years living with a loss of functional health have increased 
with life expectancy (117).  Thus, the likelihood of populations living longer, but with 
more disability, is real and requires address. In the context of falls, injury may have 
profound implications for both the individual and society.   




An example of falls causing an increase in DALYs with age is shown to good 
effect in Figure 2, extrapolated from GBD 2016 data (127).  
 
Figure 2. Global burden of falls in 2016 (127).   
Reprinted with permission from publisher 
 
Thus, concerns regarding the contribution of fall injury to DALYs are 
warranted (25).  In terms of global health and public policy, efforts to reduce falls 
would result in healthcare savings at a population level (127).  Before proceeding to 
examine rehabilitation and the professionals involved in such efforts, the impact of 
physical inactivity, a remediable fall risk factor (128) will be discussed briefly in the 
following section. 
Economic impact of physical activity and sedentary behaviour. 
 Research has suggested that less than half (49%) the population in the USA 
meet the recommended guidelines for physical activity (PA), and 15% of the 
population are completely sedentary (129).  Sedentary behaviour is marked in older 




adults, with 60-70% of older adults’ waking hours consumed with sedentary 
occupations (130).  These behaviours translate into a concurrent loss of physical 
function in adults over 65 years of age, with two thirds experiencing some limitation 
in the activities of daily living (ADL) (116).  Populations in Africa are not exempt from 
sedentary behaviour and physical inactivity, although the extent ranges between 
countries (131).  Furthermore, quality data regarding PA in Africa is lacking (132).  South 
African studies have cited rates of physical inactivity as high (≈ 50% of study 
participants, including older adults, failed to meet exercise targets for health), 
although contexts such as rural/urban settings caused variations (123, 133-135).     
Exercise is key for the management of sedentary behaviour (136).  With 
physical inactivity being a modifiable health risk, and indeed a contributing factor to 
falls in older adults, methods to promote change should be explored (123).  Most 
countries in Africa have policies promoting PA; however, there is little evidence to 
support their effectiveness and it is likely that cultural perspectives require address 
(131).  Post-apartheid healthcare policy in South Africa is concerned with redress and 
equity of services (137).  Promotion of healthy lifestyles, including exercise, gained 
prominence with the government in 2009 (124).  South Africa has a National Strategic 
Plan for the Prevention and Control of NCD, which aims to reduce physical inactivity 
by 10% by 2020 (134).  However, infrastructure and personal safety issues may well 
inhibit efforts to promote exercise in public spaces (137). 
Exercise-based fall prevention strategies were the interventions used in the 
present thesis.  The targeted population was older adults, as this group is at high risk 
of falls9.  Research is required in a South African context prior to informing policy 
regarding fall prevention in older adults, with a view to expansion to younger 
 
9 See Chapter I.  Fall Risk Factors in Older Adulthood 




populations.  Public health interventions must be effective, feasible and sustainable 
(138).  The use of technology, specifically with reference to PA, has been suggested 
(129) and is explored in the present thesis.  
Fall prevention exercise programmes have frequently been offered by 
healthcare practitioners such a physiotherapists and other rehabilitation 
professionals (139).  Rehabilitation aims to facilitate people living with impairment (140) 
and will be discussed next. 
Role of Rehabilitation.  
The foundation of (re)habilitation services is to allow individuals to reach and 
maintain their full potential, despite possible deteriorating conditions such as 
ageing(81).  Rehabilitation services should share a continuum of care with curative 
and health promotion interventions (68).  While GBD studies indicate better control of  
communicable diseases with cures and prevention, NCD with their attendant 
morbidity and mortality are on the rise in LMIC (141).  Furthermore, despite the 
intentions of the 1978 Declaration of Alma Ata (142), rehabilitation is still regarded as a 
putative ‘luxury’ health service in many LMIC (140 p.314).  In South Africa, although 
epidemiological data are lacking, it is estimated that one in three adults live with at 
least one chronic health challenge, and large numbers experience physical 
challenges linked to chronic disease (143).  Furthermore, many disorders are not 
addressed by South African policy-makers, which combined with a lack of spending 
on rehabilitation, results in well-being compromise (128).   
Estimates (144) indicate that the cost of physical inactivity in terms of health 
care expenses in Africa was 0.6 billion in 2013 International $10.  Loss of productivity 
due to death was a similar figure (129).  It bears consideration that effective promotion, 
 
10 See Glossary of Terms. 




prevention and rehabilitation services could have a positive impact on these figures.  
The role of audiologists’ contribution to rehabilitation, prevention and health 
promotion is expanded upon in the following section.  
The audiologist’s role in fall prevention. 
 There are several arguments supporting audiologists’ roles in fall prevention, 
and these include: 
• Hearing loss is linked to falls.  As humans age, sensorineural hearing loss 
(presbycusis11) develops (59).  Hearing impairment is strongly correlated with 
falls.  Meta-analysis findings demonstrated that the presence of 
audiometrically12 proven hearing loss resulted in an almost seven-fold 
increased risk of falling (145).  Other correlates of hearing impairment in older 
adults relevant to fall risk include sedentary behaviour, slower gait speed (146), 
social isolation and withdrawal (147), and cognitive decline (148).  With an ageing 
population, the number and rate of individuals seeking audiology services will 
increase (149).  Thus, audiologists have extensive access to older adults, and 
are in a pivotal position to at least screen for falls and fall risk factors.  
Disappointingly, in practice, at least in the USA, less than one third do (150, 151).   
• Audiologists assess vestibular disorders, which can and should extend to 
concerns regarding balance and falls.  Historically, audiologists had a role in 
assessing vestibular integrity, likely due to the location of the end-organs in 
the inner ear and correlations between labyrinthine13 disorders, which may 
affect both hearing and balance.  Increasing numbers of audiologists are 
involved in the assessment and management of patients with vestibular 
 
11 See Glossary of Terms. 
12 See Glossary of Terms. 
13 See Glossary of Terms. 




dysfunction (152, 153).  Services include hearing assessments, clinical and 
laboratory vestibular evaluations, and vestibular rehabilitation therapy (154).  
Decades ago, calls were made for audiologists to concern themselves with 
the ‘balance’ system rather than purely vestibular function and evaluation (155).  
Further, most examinations for the assessment of fall risk are within the scope 
of audiologists’ practice (140).  For example, audiologists performing vestibular 
assessments for American Medicare beneficiaries have been mandated to 
conduct fall risk assessment and formulate plans of care (156), firmly 
positioning the audiologist in the multi-disciplinary team.  
In South Africa, vestibular and balance assessment and rehabilitation 
has been legislated as mandatory audiology degree programme exit level 
outcomes since 2011 (157).  Previously, practitioners had their post-graduate 
training portfolios reviewed and accepted by the regulatory/licensing body 
prior to practice (142).  Notwithstanding this progress in developing 
audiologists’ skills in vestibular management, audiologists in South Africa 
have been slow to embrace vestibular work into their scope of practice (154).  
The present thesis is the first by a South African audiologist to promote 
interest in balance and falls, rather than a strict vestibular focus. 
• Dizziness and vertigo are common, often associated with vestibular 
dysfunction, and may be managed by several professionals, including 
audiologists.  Extending the notion above, dizziness and vertigo are common 
complaints in older populations (158), many of whom may consult an 
audiologist.  Abundant studies describe the anatomical and physiological 




impact of ageing of the vestibular system14.  Thus, knowledge of structural 
changes is easily accessible to all health care professionals.  However, less is 
known regarding the functional impact of such changes on daily living (159), 
although more holistic and rehabilitation-orientated texts exist15.  Granting that 
the relationship between vestibular impairment, ageing and falls has been 
rather under-researched (161), the following explores this relationship.  
A case control study (162) demonstrated that 80% of older adult 
participants with clinically significant vestibular impairment fell. Interestingly, 
most participants did not report the presence of dizziness or vertigo (147), 
which would alert clinicians to the possibility of vestibular deficits (163).  Thus, 
even asymptomatic vestibular lesions likely to have compensated, may still 
underpin falls.  Another study with patients with vestibular impairment and 
associated dizziness suggested an increased the risk of falling by a factor of 
12.3 (164).  Similar to Liston and colleagues’ (147), participants with 
asymptomatic vestibular dysfunction still had a six-fold increase in fall risk (148).  
Consider results from a study of 185 patients referred to a clinic for fall 
management, rather than the investigation of dizziness (165).  Almost three 
quarters (73%) of the participants demonstrated signs of either peripheral or 
central vestibular dysfunction (149).  It should be noted that over the last 
decade, more extensive testing of the vestibular pathway has become 
possible, leading to greater diagnostic accuracy (166).  Therefore, it is possible 
that early findings (149) correlating vestibular lesions and fall risk are 
underestimations.  Overall, these studies support the view that audiologists 
 
14 For example, see  (E. R. Anson et al., 2016; Bermúdez Rey et al., 2016; Hall & Meldrum, 2016; Li et 
al., 2015; Smith, 2016; Xie et al., 2017). 
15 For example, see seminal work such as 160. Herdman SJ, Clendaniel R. Vestibular rehabilitation. 
4th ed. Philadelphia: FA Davis; 2014. 




should be questioning all older adults regarding falls, not just those who 
complain of dizziness.  Indeed, it is argued that failing to evaluate fall risk is a 
significant omission in the duty of care to audiology patients.  
• Audiologists have a moral and ethical obligation to act as agents for change, 
particularly in LMIC settings.  Embedded in the key roles of an audiologist are 
disease prevention and health promotion at all levels of health care (167).  
Internationally, calls for audiologists to include fall prevention in their scope of 
practice have been made by influential leaders of the profession over the last 
four decades  (147, 149, 150, 155, 165, 168-174).  Moreover, audiologists have been 
urged to play a pivotal role in falls research (147).  However, significant 
progress is required before falls become part of audiology practice in South 
Africa.  The current research hopes to address some of these barriers. 
• Audiologists are qualified and licenced rehabilitation professionals.  The 
profession experiences a challenge in that audiologists do not necessarily 
embrace rehabilitation (175) as do other professionals such as physio- and 
occupational- therapists (176).  Current practice has a diagnostic focus, rather 
than deeply engaging with patients and building strong therapeutic alliances 
(175).   
There is convincing evidence that vestibular rehabilitation is effective in 
managing symptoms of vestibular deficits (177) and this would include reducing 
fall events and risks (158).  Gaze stability exercises are one of the key tenets of 
vestibular rehabilitation (42).  Such exercises have been found to reduce 
dizziness and fall risk (178) even in patients in whom no vestibular pathology 
has been demonstrated, although later work questioned this (179).  Evidence 
that exercise-based fall interventions are effective will be discussed in detail.  




Thus, programmes based on vestibular rehabilitation and applied in a fall 
prevention context could be argued to be relevant to audiologists and their 
patients.  
This section has examined the audiologist’s possible role in fall prevention.  
Fall risk factors pertinent to audiology patients have been outlined.  The strength of 
evidence, the desire to practice using an evidence base and the need for 
audiologists to embrace their role as agents of change and rehabilitation 
professionals, behoves audiologists to expand their practice by engaging with fall 
prevention.  




CHAPTER I.  FALL RISK FACTORS IN OLDER ADULTHOOD 
Introduction 
This chapter discusses older adults’ risk factors for falls.  The focus is on 
intrinsic fall risks, which are unique to an individual, such as their health and medical 
profile.  The contribution of vestibular and balance disorders to fall risk is 
emphasised.  The African and South African milieu is described.   
 
  





 Figure 3. Organisational flow of Chapter I. 
Ageing and falls 
It takes a child one year to acquire independent movement and ten years to 




Ageing presents as an accumulation of intrinsic fall risk factors, including 
detrimental changes in the systems that sub-serve balance and postural control (181).  
Sensory mismatches from age-related physiological decline interact with reduced 
ability to negotiate environmental hazards, increasing fall risk (182).  Older adults at 
risk of falling generally do not have one predominant problem.  Rather, several 




smaller deficits across multiple systems combine and will likely result in a fall (183).  
The factors contributing to fall risk are expanded upon in the following section. 
 
Factors Contributing to Fall Risk in Community-dwelling Older Adults 
 
For those individuals who fall and are subject to one or more risk factors, their 
bodies not only fall down but also fall out of the social sphere’s functional spaces of 
certainty, utility and mobility.   
 
Italicised by CR. 
(184p. 166) 
The likelihood of falling may be attributed to a variety of underlying chronic 
problems, the collective result of which is referred to as fall risk (185).  Over four 
hundred risk factors for falls exist (186).   As an individual’s number of risk factors 
increase, so does the risk of falling (187).   
Several fundamental issues exist when considering fall risk literature.  First, it 
is incorrectly assumed that intrinsic risk factors (e.g., balance and gait deficits) are 
stable (188).  Second, intrinsic and extrinsic fall risk factors co-exist, and interaction 
between them is frequently overlooked (188).  For example, activity such as walking 
(itself a ‘controlled fall’) and the environment in which walking occurs, is influenced 
by issues like lighting and surfaces (188).  Third, interactions between risk factors are 
complex, and differ between individuals with isolated or recurrent falls (186).  Finally, 
fall risk factors are not necessarily predictive.  To illustrate, a study of community-
dwelling older adults demonstrated 30% of low risk participants falling during one 
year; while almost half (46%) of those assessed as high fall risk fell (189).  The 
number of falls encountered in the putative low-risk group would suggest that 
assessment of risk is somewhat lacking in precision.  The following section 
discusses intrinsic risk factors in community-dwelling older adults.   









Intrinsic risk factors for falls. 
While all older adults should be regarded as being at risk of falling (8), specific 
risk factors for falls have been researched extensively; and studies have prioritised 
different aspects of fall risk as most important (102).  However, numerous researchers 
and reviews consistently identify imbalance and impaired gait as among the primary 
risk factors for falls (190-193).  Balance disorders may affect approximately one third of 
all older adults (13); interestingly, a similar figure to the percentage of those who fall.  
Research continues to demonstrate associations between vertigo, dizziness, 
vestibular disorders, and falls (165, 194-199) and thus stimulate audiologists’ interest in 
fall prevention (171).   
Deandrea and colleagues (200) conducted a meta-analysis (MA) of prospective 
studies concerning risk factors for falls in community-dwelling older adults.  Papers 
written in most of the major European languages were included, reducing metabias 
to some extent.  Studies’ sample sizes had to exceed 200 participants, with at least 
80% of participants residing in a community setting (200).  The endpoint was one or 
more falls during the follow-up period (200).  These selection criteria are important in 
that the sample sizes were reasonable; and the results are not biased by a large 
percentage of dependent individuals, a potential confounder.  Results were reported 
as odds ratios (OR)16.  The MA found OR of 2-3 for: a previous history of falls, 
dizziness and vertigo, gait problems, the use of assistive devices for walking, 
diagnosis of Parkinson’s disease, fear of falling, and the use of anti-convulsants (200).  
Expressed more persuasively, only a previous history of falls was a stronger 
predictor of falls than dizziness and vertigo, the presence of which increased the 
chance of falling three-fold (200).  A finding relevant to the present thesis, was the role 
 
16See Glossary of Terms. 




of balance-related issues among the leading predictors for falls (200).  One of the 
strengths of Deandrea et al.’s MA is that only prospective studies with a rigorous 
method of recording falls, for example, on a calendar or using interviews were 
included.  A limitation of the analysis is the width of the confidence intervals, caused 
by the heterogeneity of the studies.  However, such heterogeneity is common in 
literature on falls and fall prevention.  Results were organised according to the risk 
factors classification system proposed by Lord and co-workers (201).  Risk factors are 
categorised into: socio-demographic factors, balance and mobility issues, sensory 
and neuro-muscular factors, psychological issues, medical issue and medication, 
and finally environmental factors (200).  Figure 4, abstracted from Deandrea et al., 
highlights some of these areas and the OR are shown. 




Figure 4. Intrinsic risk factors contributing to fall risk in community-dwelling older adults.  
Data extracted from Deandrea et al. 




While balance deficits are significantly and consistently associated with 
increased fall risk in community-dwelling older adults (13), the precision of such 
findings bear further examination (202).  There is confusion in defining the term  
community-dwelling, and a lack of consensus regarding residential facilities 
obfuscates the literature (12).  For example, the residential setting and support within 
it, could be argued to influence research findings of fall risk and occurrence.  Thus, 
reviews including participants residing in supported living facilities or institutions may 
have overestimated the level of fall risk, as it is likely that substantial functional and 
cognitive differences exist between individuals residing in their own homes and 
assisted living (202).  The removal of institutions from Muir and colleagues’ data 
yielded an overall reduction of fall-related risk ratios and OR values.  However, the 
finding that balance impairment results in a moderate increase in fall risk in 
community-dwelling older adults remained (202).  Muir and colleagues described 
studies’ methodological quality as low to poor.  Finally, differences in choices of 
measurement instruments, many of them subject to ceiling effects (203), methods of 
recording fall outcomes, and length of follow up all had the potential to impact on the 
magnitude of the association between balance impairment and falls (202).  Thus, while 
researchers attempt to take an evidence-based approach to fall risk literature, results 
remain varied.   
Tinetti and Kumar’s (204) systematic review (SR) of fall risk factors produced 
some differences compared with Deandrea et al.  Examples include risk associated 
with low body mass index (OR 3.1) and a higher OR for female sex (OR 2.3) (204).  
Three pertinent points arose from Tinetti and Kumar’s findings and establish 
concurrence with other SRs.  First, the most robust risk factors were a previous 
history of falls, impairments impacting strength, gait and balance, and the use of 




certain medications (204).  Second, many of the risk factors applied to the risk factors 
for injurious falls resulting in fractures (204).  Third, unsurprisingly, the risk of falling 
increased with the number of risk factors present (204).   
 Lusardi et al.,(8) interrogated sensitivity and specificity for fall risk factors 
identifiable from medical case history information, self-assessment scales (SAS), 
and performance-based outcome measures.  Studies in the MA were either retro- or 
prospective with samples comprising >30 community-dwelling adults >65 years of 
age (8).  No single measure had the ability to predict falls (8).  Given the multi-factorial 
nature of falls, this finding is to be expected.  However, five key questions used in 
combination, were found to have predictive ability and thus, useful to screen fall risk 
(8).  These were:  
• previous falls; 
• presence of psychoactive medications; 
• the need for assistance in the activities of daily living (ADL); 
• fear of falling; and 
• the need to use an assistive ambulatory device such as a cane/walking stick 
or walker (8).   
These items were adopted in the design of the case history questionnaire used in the 
present thesis. 
Tests with the best sensitivity and specificity to predict fall events were: 
Timed-Up-and-Go test (TUG), Five-Times-Sit-to-Stand Test (FTSST), Single Leg 
Stance (SLS), Berg Balance Scale (BBS), and preferred walking speed (8).  While 
these tests appeared to be supported the most by evidence, the authors noted that 
all required further evaluation before they could be used with confidence to predict 
falls (8).  All tests, except the BBS, were adopted for the present research.   




The rationale for excluding the BBS includes a lack of normative data (205) and 
floor and ceiling effects (206), which challenge the responsiveness of the BBS as an 
outcome measure (207).  The BBS may not be suitable for high functioning older 
adults and could miss the effect of subtle balance deficits (207), which arguably 
contribute to fall risk.  Further, there are few dynamic balance activities in the BBS 
(207); and previous reviews have suggested mixed results for the BBS’s predictive 
ability regarding falls (208).  Since the design of this research, an MA (209) has 
concurred with the view of Lusardi and colleagues (8) that the BBS is an appropriate 
fall risk screening tool for adults of all ages.  Moreover, the BBS along with the Mini-
BESTest were recommended for research and broader clinical use in a Core 
Outcome Set for measuring standing balance in adults, although reservations were 
noted by the consensus panel (210).  Having reviewed fall risk and predictive tests, 
dizziness and balance will be discussed next. 
The Contribution of Dizziness and Balance to Fall Risk 
(197 p.175) 
Either a general progressive loss of function or specific pathologies may affect 
any or all of the three senses (vision, proprioception and vestibular) contributing to 
postural control and balance (13).  In addition to the sensory systems, central areas in 
the brain and brainstem integrate incoming signals, control stepping behaviours and 
The high prevalence of dizziness and falls in the elderly is a growing and immediate 
medical concern… 
…For dizziness and balance impairment to reach such epidemic proportions, the 
question remains as to whether the medical community will be prepared to effectively handle 
such an overwhelming number of balanced-impaired patients.  The current projections of the 
number of audiologists, physicians, physical therapists, occupational therapists, and 
kinesiologists working in clinical vestibular environments would suggest a disproportionate 
patient-to-provider ratio, with the number of patients far outweighing the number of clinical 
providers.   




drive motor outputs (211).  All brain function depends on adequate levels of brain 
perfusion, so deficits will impact on balance (211).  For example, syncope and pre-
syncope may result in cerebral hypoperfusion, provoking a fall (211).  In addition, the 
literature has highlighted diffuse, age-related micro-vascular brain disease as an 
important contributor to balance difficulties and falls (212).  Age-linked physiological 
changes in the visual and proprioceptive inputs to balance and postural control are 
outlined in  Figure 5.  Vestibular issues will be discussed next.   
 Figure 5. Age-related factors influencing balance and postural control. 
References for Figure 5: (102, 164, 213, 214). 
Vestibular ageing. 
It is known that vestibular dysfunction contributes to the risk of falls, but not 
the extent of such a contribution (161), although some studies examining the link are 
presented.  Vestibular ageing literature has been published since the 1970s (215) and 
is discussed briefly in this section.  Several issues confound research into vestibular 
ageing.  First, difficulties exist when attempting to link age-related histological and 
anatomical changes to clinical findings (197).  A central compensatory process occurs 
in response to vestibular dysfunction, therefore, objectively proven damage does not 
necessarily correlate with symptomatology (216).  Furthermore, the symptoms of 




dizziness and imbalance may be due to numerous diverse and multi-factorial 
disorders, for example, neurological deficits, medications and cerebrovascular issues 
(216, 217).   
Terms such as presbyvertigo, presbyastasis, and presbyataxia (218) describe  
symptoms and not a diagnosis, phenotype or finding (217).  New (2019) diagnostic 
criteria for presbyvestibulopathy have been compiled (219).  Presbyvestibulopathy is a 
chronic vestibular syndrome characterised by unsteadiness, impaired gait, falls, and 
mild, bilateral vestibular deficits on specialised investigations (219).  However, to 
confine the impact of ageing to specialised investigations of the vestibular end-
organs is an over-simplification.  While there is undisputed evidence supporting 
ageing of inner ear vestibular hair cells from birth, which becomes more marked after 
70 years of age (217), degeneration also occurs in the vestibular nuclei and nerves 
(219).  Recent research has investigated visuo-spatial capacity, a higher brain function  
dependent on vestibular inputs, and ageing (215).  Links between vestibular 
dysfunction and cognitive impairment have also been explored, with the suggestion 
that any type of vestibular deficit, particularly in older adults, may possibly result in 
cognitive impairment (220).  A brief discussion of age-related vestibular system deficits 
follows. 
Age-related hair cell loss occurs in the sensory epithelium of the labyrinth (221).  
There is a concurrent reduction in signals regarding head movement and orientation 
to the brain (194, 222).  This reduction of signals may not be met with adequate sensory 
re-weighting17.  Re-weighting permits attention to be shifted from the impaired 
vestibular signals to more reliable inputs from the other senses (159), and can help 
prevent falls.  Vestibular neglect, a subjective hypo-responsiveness to vestibular 
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stimulation, is due to deterioration in central vestibular pathways (223).  Vestibular 
neglect is associated with postural instability in older adults (223), thus elevating fall 
risk.  Therefore, vestibular loss, irrespective of site of lesion, may present as 
staggering, unsteadiness on turns and postural instability, all of which increase the 
risk of falls (194, 221).   
Of concern is that functional vestibular decline is thought to commence earlier 
in life than previously assumed.  The National Health and Nutrition Examination 
Survey (NHANES), a large national population survey in the USA (194)  used 
putatively objective screening tests of assumed vestibular function.  The test was 
what clinicians consider a Modified Clinical Test for Sensory Integration of Balance 
(M-CTSIB), although was not described as such (224).  Over one third (35%) of the 
sample ≥40 years of age had signs of reported vestibular dysfunction (194).  It has 
been argued, quite correctly, that the test used in the NHANES study is not suitable 
to screen for vestibular lesions (224).  Ceria-Ulep and co-workers noted that the 
NHANES battery was too easy and lacked discrimination between levels of function 
in healthy adults.  However, the difference in ethnicity in the latter’s (225) sample of 
Japanese descent Hawaiians and the NHANES study is noted.  Nonetheless, many 
individuals failed the NHANES tests and had indications of imbalance, if not true 
vestibular disorder.  Such imbalance is a risk factor for falls.  Interestingly, the 
NHANES participants who failed the screen and reported dizziness, had an eight-
fold increase in the risk of falling (194).   
Perhaps more important than a strict focus on proof of vestibular deficits 
associated with ageing, is the presence of vestibular symptoms and links with fall 
risk.  There is evidence that the presence of vertigo, a complaint suggestive of 
peripheral vestibular disorder (75), correlates with falls, but its role is frequently 




underestimated (196).  The researcher acknowledges and is acutely aware of the 
differences between dizziness and vertigo18; however, the following section will focus 
on the prevalence and impact of dizziness, irrespective of its origin.   
Prevalence of dizziness in older adults. 
 Vestibular disorders are responsible for almost half (48%) of all dizziness in 
older adults (226) and the prevalence of dizziness and imbalance increases markedly 
with advancing age (227).  Indeed, dizziness is the most common reason for patients 
over 75 years of age to consult their doctors (228).  Over half (54%) of people 90 
years of age have experienced dizziness within the last three months (229).  The 
relationship between dizziness and ageing has been established in several regions.  
Kammerlind and colleagues (230) noted that 41% of their community-dwelling sample 
of Swedish older adults reported dizziness, and their results are discussed in more 
detail below.  A similar (40%) prevalence was found in Brazil (231).  Another very large 
population-based survey in Brazil demonstrated that dizziness was the third most 
frequent symptom reported among all adults surveyed (232).  Only headache and 
fever out-ranked dizziness (232).  Prevalence increased over the age of 50 years and 
peaked in the eighth decade of life (232).  A small household survey of older adults in 
Egypt reported that 33.3% of the respondents experienced dizziness (233).  It is 
reasonable to suggest that dizziness prevalence in LMIC, at least in older adults, is 
similar to the global North. 
Continuing the focus on symptomatology, in many older people dizziness may 
be non-specific and multi-factorial, rather than being attributed to discernible 
vestibular pathology (197).  Therefore, it is more reasonable to consider the impact of 
dizziness symptoms on fall risk, rather than seeking to prove causal links between 
 
18 See Glossary of Terms. 




dizziness, vestibular disorder and falls.  By way of example, Kammerlind et al., 
sought links between the presence of dizziness and falls in Swedish adults between 
75 and 90 years of age (mean age 81 years).  Almost one third (30%) of participants 
with mild dizziness reported a fall, with a marked increase to 46% of participants with 
substantial dizziness having fallen (230).    
While the NHANES study discussed above (194) had instrumentation issues, 
nevertheless the results are a cause for concern.  To summarise, 75% of participants 
over 70 years of age had abnormal test results for balance (194, 234).  This figure 
increased to 88.5% once participants were over 80 years of age (194, 197, 234).  Living 
below the poverty line made balance problems 15% more likely (194, 234).  The latter 
finding is consistent with the studies from LMIC (above), in that low socio-economic 
status impacts on reports of dizziness.   
In terms of functional outcomes, the presence of dizziness has been shown to 
be associated with: 
• A reduction in exercise at moderate intensities and a less active 
lifestyle (230, 235); 
• Decreased likelihood of taking a walk (235); 
• Increased falls (235); 
• Increased fatigue (235); 
• Poorer performance on balance-related outcome measures such as 
gait speed, stair climbing and SLS (235); 
• Increased impairment in the ability to perform the ADL (236); and 
• Decreased quality of life (QoL) (230). 
It is striking that all the issues noted in the tabulated list are in themselves risk 
factors for falls.  The contribution of imbalance and dizziness to falls is beyond 




dispute; thus, efforts to improve balance to reduce the risk of falls are urgently 
required.  Such programmes should meet the basic requirements of public health 
interventions and be feasible, sustainable, accessible and affordable (138)  and it was 
with these issues in mind that this feasibility study was designed.  As the study used 
physical activity (PA) programmes as the intervention, PA’s impact is introduced 
next. 
Modifiable fall risk factors: impact of PA and sedentary behaviour. 
 Interestingly, a large volume of research has focused on fall risk factors which 
are either not ameliorable (e.g., age, sex and ethnicity), or medical concerns, such 
as medication reviews.  Few of the authors in the preceding sections examined 
sedentary behaviour and challenging this lifestyle with PA, as a potentially treatable 
cause of falls (237).  Thibaud and colleagues’ MA (237) considered the role of PA and 
falls.  Results indicated that for older adults, PA is a protective factor for falls, 
particularly injurious falls (237).  PA may address intrinsic risk factors for falls by 
improving balance and gait speed, muscle, and physical strength (237).  Sedentary 
behaviour was at least as important as other fall risk factors, such as medication 
profile (237).  The reviewers noted the risk of publication bias and that few studies 
were included in the MA; however, the large number of participants (7 343 for PA 
and 4 279 for sedentary behaviour) made the results generalizable to older adults 
(237).  Therefore, the use of PA in the management of fall risk should be prioritised, 
and two programmes which promote such activity are the focus of the present 
research.  Further evidence to support the use of exercise to prevent falls is offered 
in later Chapters.   
Little attention has been awarded to fall risk factors in the South African 
milieu.  The sparse literature is discussed in the following section. 




South African fall risk factors. 
A small (837 participants) epidemiological survey of fall risk factors and 
prevalence among adults (≥65 years of age) was conducted in Cape Town (238).  
Self-reported history of falls, dizziness and vertigo, along with ethnicity, were found 
to be predictive of falls in a one-year period (238).  The presence of dizziness had an 
OR of 2.52 (239), similar to that of international reviews already discussed in this 
Chapter.  Kalula and colleagues had previously demonstrated that for at least some 
sectors of the population, fall prevalence was similar to rates in high-income regions 
(240).  An overall fall prevalence of 26.4% was found, like that of other countries, but 
with marked differences within ethnic groups (240).  Prevalence was highest in 
Caucasians (42.9%) and people of mixed ancestry (42.9%) (240).   
Both the cross-sectional studies referred to above could be subject to several 
sources of bias.  Recruitment bias was possible, in that only ambulant participants 
were included (238).  A social desirability bias is possible as no consideration was 
given to the stigmatising effect of falls (241), leading to possible under-reporting and 
increasing no response rates (67).  Finally, recall bias is possible.  Falls were not 
recorded on an on-going basis using a diary or similar, no reminders were given, and 
participants were simply asked if they had fallen in the year between the two data 
collection points (239).   
A small unpublished study examining PA levels and fall occurrence in older 
adults, set in Cape Town, demonstrated that 30% of participants recalled falling in 
the preceding year (242), consistent with local and international fall prevalence data.  
A second study exploring fall prevalence in 150 independent community-dwelling 
adults over 40 years residing in Cape Town reported that 40% had fallen within the 




last year (243).  Neither of the studies examined ethnicity nor socio-economic status 
as outcomes, however participants were from diverse backgrounds. 
Collectively, the South African studies suggest some evidence that for at least 
certain sectors of the South African population, fall risk resembles worldwide data.  
Having established that falls are an important issue for older South Africans, the 
following section presents additional considerations for fall risk in an African setting. 
Intrinsic fall risk factors pertinent to the African context. 
Besides health issues faced by older adults, including the highlighted role of 
imbalance and gait deficits, it is apparent that socio-economic circumstances and  
socio-demographics may elevate fall risk (244).  The contribution of ethnicity, socio-
economic- and educational- status to fall risk has been markedly under-researched 
(245), although these issues are gaining attention more recently (246-248).  Rubenstein 
and colleagues (35) suggested that adults from a low-income group, with low levels of 
education and literacy, and who live in poor environmental conditions may be at 
greater risk for falls.  However, additional research is required as some of the 
evidence is indirect.  For example, it is already established that low income is related 
to poor health status, which in turn will increase the risk of falls (35).  Contrary to the 
notion of poor circumstances amplifying fall risk, a large Nigerian study suggested 
that falls occurred more frequently as individuals’ socio-economic status increased 
(249).  It could be argued that as incomes improve, work might shift from 
physical/manual to more sedentary occupations.  PA is thought to be a protecting 
moderator of fall risk (237) and thus, by spending more hours inactive as work 
demands change, fall risk should increase.  As noted, ethnicity may also have a role 
in fall risk (33, 240); however, this has not been conclusively established (238, 250).  
Despite the tensions noted when considering socio-economic and similar factors, 




falls in LMIC are a concern and efforts should be made to reduce the risk of falls with 
sustainable interventions.   




CHAPTER II.  PREVALENCE OF FALLS IN COMMUNITY-DWELLING 
OLDER ADULTS 
Chapter II examines fall prevalence.  Challenges in the literature are 
described, followed by global fall prevalence data.  African aspects are outlined as 
they pertain to extrinsic and possible intrinsic fall risk factors.  The impact of falls is 
considered in terms of morbidity, mortality and cost.  The Chapter concludes with a 
discussion on ageing in Africa.  Figure 6 shows a flow chart of the Chapter’s 
organisation. 
 Figure 6. Organisational flow of Chapter II. 
Global Fall Prevalence Data 
Fall prevalence research has been complicated by several factors, which 
include: 
• Methodological challenges: a lack of appropriate prospective designs 
exists.  Cross-sectional or retrospective studies permit recall bias, and 
likely under-reporting of fall events.  Older adults who have fallen 
repeatedly may not report their falls, possibly due to denial or even 
poor memory (251).  Participants may also only report injurious falls (252), 
instead of all falls, making falls estimates inaccurate.  Prospective 




recording of falls in falls diaries or calendars is the preferred method 
compared with relying on recall (253).   
• Falls are regarded as negative, stigmatising events, with those who 
have fallen reporting feeling anxious, isolated and fearing a loss of 
independence (254-256), all of which contribute to social desirability bias.    
• Large-scale community-based surveys in low- and middle-income 
countries (LMIC) are lacking due to the expense and lack of resources, 
although recent efforts have been made in Brazil (231, 232).  Studies 
exploring the prevalence of injurious falls may be given preference.  
For example, injurious falls were surveyed during a WHO study on 
ageing and adult health (257).  While the latter was an epidemiological 
study that surveyed households in varied settings, many others involve 
simple record reviews of injurious falls, due to the convenience of 
auditing hospital or clinic records.  Considering the use of bone-setters 
in regions in Africa (258, 259), Asia (260), and South America (261), it is 
highly probable that the number of injurious falls in LMIC is under-
reported.   
• Moreover, due to the challenges of collecting data in diverse 
geographical regions, unequal access between urban and rural 
settings is likely.  It could be argued that fall prevalence could easily be 
related to location and the rigours of living in different environments.   
  Table B.1 reflects prevalence data from a sample of research undertaken in 
LMIC.  Briefly, fall prevalence rates are sparse in many emerging regions.  A 
conservative annual incidence of falls (22.1%) from a USA study (262) was used as a 
comparator.  Results of fall prevalence vary, with rates of 21-34% in Latin America 




(263), 11-34% in China (264), and  33% in Egypt (33%) (233); the variance likely linked to 
the methodological issues presented above.  However, the table highlights that the 
prevalence in Africa is analogous with other continents.  Two studies from Africa, 
which examined recurrent falls and had previous falls as an eligibility criterion were 
excluded (249, 265).  
African Challenges 
It is feasible that the prevalence of falls, and their risk factors, may be different 
between world regions; however, firm evidence is lacking.  Nonetheless, the 
phenomenon of ageing, and its attendant public health concerns, warrants global 
attention from researchers.  Moreover, LMIC could be less well equipped and 
resourced to plan for the public health issues an ageing population presents (266).  
The following sections focus on issues pertaining to Africa. 
Extrinsic fall risks 
Several researchers from LMIC have described fall extrinsic risk factors 
pertinent to these regions.  Ghodsi (267)  suggested poverty and poor health may 
confine individuals to their homes, where safety issues may arise during bathing and 
toileting.  Environmental hazards include poor street design, maintenance, lighting, 
and the presence of holes and ditches (267).  Amin (268) noted cultural and religious 
issues such as rising during the hours of darkness for morning prayers, ablutions at 
ground level, and finally, long traditional dresses of several layers, which could 
cause trips and slips.   
Impact of falls in the African context. 
In the African context, although the point is arguable, many of the population 
will already have inherent fall risks due to their poor socio-economic and health 
status.  Disadvantage, coupled with lack of access to interventions to address fall 




risk, makes the current research particularly relevant.  Increasing resilience to falls 
could make a valuable contribution to quality of life (QoL).  The impact of falls in the 
older population in Africa should not be ignored.  Older individuals are often required 
to assume additional familial responsibilities, such as attending to adult children 
dying from HIV/ AIDS, or care of young children orphaned by the AIDS pandemic 
(269).  While progress has been made, management of HIV/AIDS remains a 
significant challenge in Africa and other regions (270).  Loss of mobility, or increased 
dependence as a result of a fall, would have profound consequences on 
communities relying on the contributions of the older generation to care for the sick 
and vulnerable.  The impact of falls is explored further in the following section.   
Impact of Falls: Mortality and Morbidity 
Falls have a detrimental and long-term impact on QoL (271, 272) and are life-
changing events for older adults (273).  There is compelling evidence that the health 
status of adults who fall, in terms of physical, cognitive and mental function, is 
fundamentally different from older adults who do not fall (183). 
Mortality.   
The WHO estimated 646 000 fall-related adult deaths each year; 80% of 
which occur in LMIC (274).  As described, evidence suggests that death rates from 
falls have risen precipitously in the last decade (109, 275).  Most deaths related to falls 
occur in individuals over 65 years of age (274).  Morbidity is similarly linked to falls, 
with injurious falls predicted to double by the year 2030 (276).  However, as individuals 
age, the outcome of injury is more likely to be fatal, even if the injuries are similar 
between young-old and oldest-old (277).  For example, an injury in the seventh 
decade of life carrying a 2.5% risk of death doubles to 5.4% in the tenth decade, due 
to a lack of physiological reserve to manage the same injury (277).  Even apparently 




uncomplicated falls have been shown to lead to high rates of mortality and   
morbidity (278).   
Morbidity. 
Health-related sequelae of falls. 
Older adults’ recurrent falls are problematic.  Of those who fall, half will fall at 
least twice in the same year (279).  For example, Pohl and colleagues (280) monitored a 
small (230 individuals) cohort of Swedish community-dwelling older adults 
prospectively, and reported that 48% fell at least once during a one-year period.  
More compelling is that during a five-year follow-up, those who had at least one 
injurious fall requiring emergency treatment, had an almost three-fold risk of another 
injurious fall during prolonged surveillance (280).  Another group’s results of adverse 
events experienced within six months of a post-fall visit to an emergency department 
are even more convincing (275).  Over half a cohort of 350 older adults experienced a 
subsequent adverse event (275), including recurrent falls (23%), repeated visits to the 
emergency department (43%) and hospitalisation (32%) (275).  Thus, falls should not 
be regarded as once-off accidents in older adults, but rather herald repeated, 
potentially serious and costly health issues. 
Older adults are at increased risk for head, neck and pelvis injuries compared 
with their younger counterparts (278).  For example, falls are the leading cause of 
traumatic brain injury and are heavily implicated in hip fractures in older individuals 
(281, 282).  Frequently, survivors of the immediate post-fall period have guarded 
outcomes in terms of morbidity and mortality.  To illustrate, one third of patients with 
hip fractures will die, and more than half of those alive at twelve months will have 
significant mobility challenges (283, 284).  It is not possible to overstate the devastating 




effects of an injurious fall for an older adult, nor the cost to public health         
budgets (284, 285).   
Functional sequelae of falls. 
Results from a small South African study into osteoporotic hip fractures 
demonstrated the most common risk factor as falls (286).  Of the 130 participants 
followed prospectively for one year, 45 (34.6%) died, congruent with data above.  
For survivors, deterioration in the ability to perform the activities of daily living (ADL) 
noted at three months, persisted at one year (286).  In the South African setting, the 
latter finding could well be explained by a lack of rehabilitation services (287).  
International studies exploring reductions in ADL capacity after a hip fracture vary 
between one third to almost one half of individuals impacted (288, 289).  This loss of 
executive function frequently prompts altered living circumstances, for example 
having to move to assisted housing.  In the four to six months following treatment for 
a hip fracture, between half to two thirds of individuals required support in terms of 
living arrangements (289).  Importantly, this loss of autonomy is a major risk factor for 
falls, with evidence suggesting that difficulty in accomplishing at least one ADL 
doubles the risk of falling (244).  Thus, there are profound physical and psychological 
sequelae from falls, which may lead to reduced ability to participate in ADL and the 
capacity to live independently (290).  The psychological issues related to falls are 
discussed briefly in the following section. 
Post- fall syndrome and fear of falling. 
Post-fall syndrome, also known as fear of falling, describes a loss of 
confidence and self-imposed restriction of activity after a fall, which is 
disproportionate to any injuries sustained (291).  Post-fall syndrome has been 
described as a specific health problem and a geriatric syndrome (292).  Fear of falling 




encompasses concerns regarding loss of independence, or fear of becoming 
dependent on others (293).  Furthermore, fear of falling is linked to older adults’ 
apprehension regarding physical injury, not being able to get up after a fall, partial or 
complete loss of mobility, and anxiety regarding institutionalisation (293).  Fear of 
falling may be a predictor of future falls (292).  Consequences include an increased 
risk of mobility disability and poor physical performance (294).  Aged adults who have 
fallen may behave differently to prevent another fall.  For example, they may 
deliberately reduce walking speed, even though this puts them at greater risk for 
falling, and is associated with increased mortality rates should another fall occur (295).  
The result of fear of falling has been associated with a declining course of reduced 
physical and social activities, frailty, further falls and loss of independence (244, 288).   
Costs associated with falls. 
Falls constitute an important economic drain on society (296).  In high-income 
countries, where fall-related costs range between 0.85% and 1.5% of the total health 
care expenditure, it is likely that with ageing societies the total burden will increase 
(296).  Injurious falls are the most important cause for hospitalisation in the older 
population (297).  The cost of hospitalisation after a fall is substantial, although 
dependent on the severity of the injury (296).  Numerous studies have reported the 
direct health related costs of fall induced injuries (298).  Aggregated costs of falls in 
2015 in the USA were US$25 487 for a fatal fall and US$9 463 for a non-fatal fall 
(247).  Estimates in 2012 suggested that a total of US$54.9 billion (in 2007 US$) 
would be required for health care expenses due to the direct and indirect cost of falls 
in 2020 in the USA alone (113); and a mere ten years after that, US$101 billion (299).  
The figure of US$50 billion was in fact reached by 2015, up from US$38 billion 
(adjusted to 2015 US$) in 2013 (193).  Almost 99% of the expenditure was on non-




fatal falls (193).  Thus, it is evident that falls are a significant risk factor for an increase 
in healthcare spending should efforts at fall prevention fail.  There is a body of 
evidence which suggests that the implementation of fall management strategies is 
far from optimal (109, 299); and so the need for further research, particularly into 
effective prevention, continues. 
In line with the situation in the USA, recent reports concerning ageing in 
Ireland predicted major growth in the cost of falls.  O’Connell and colleagues (183) 
reported that €402 million was spent on older adults’ falls in 2006.  More impressive 
is the prediction that expenditure will grow to €922-€1077 million by 2020, should an 
intervention to manage fall risk not be implemented (183).  Like predictions from the 
USA, Irish forecasts are probably underestimates, as they do not include extended 
costs, for example, of carers, medication, and institutionalisation (183).  In Sweden, a 
country of under ten million, costs of falls in 2009 equated to €1.4 billion, with the 
majority (€900 million) of the spending addressing QoL issues for fall survivors (300).  
Thus, those who have fallen use resources which could otherwise be allocated (183), 
a relevant issue in emerging regions.  The following section continues to explore the 
impact of falls in an African context.   
Ageing in an African Context 
(301, no page number) 
Ageing is a worldwide phenomenon, and not exclusive to the global North.  In 
LMIC it is predicted that by the year 2050, one in five individuals will be ≥60 years of 
 
Older persons in Africa are not to be taken for granted; they are Africa’s 
greatest resource yet.  Africa needs their wealth of knowledge, variety of skills, and 
the strength and ties that they offer to hold together a family, particularly in times of 
crisis. 




age (302).  In Africa, the total population of older adults will triple from approximately 
53 million in 2009 to 150 million in 2050 (302).  By the end of the century it is predicted 
that Africa’s aged population will have grown 13-fold, more than any other world 
region, and there will be 716 million older adults on the continent (303).  In sub-
Saharan Africa alone, the population of older adults is predicted to double between 
the years 2000 and 2030 (304).  Several factors have contributed to population 
ageing, including reduced levels of fertility, a decline in infant and child mortality and 
increased longevity (305).  For example, if an individual reaches 60 years of age, s/he 
will have a longer life expectancy than ever before (306).  The notion of longevity and 
its equivalence with the success of humanity persists (307, 308) and indeed should be 
celebrated (301).  However, such progress is remarkable only if living longer is 
associated with improved QoL, health and well-being, which is not necessarily the 
case in Africa (307). 
In LMIC, including those in Africa, there has been an assumption that families 
will care for their elders within multi-generational households (302).  However, 
attitudes towards ageing are changing (301), and the circumstances in which older 
adults live are diverse.  First, consequent to urbanisation and migration, older adults 
may no longer reside in the traditional extended family environment, where three 
generations share a home (309).  Younger, economically active adult children may 
support older parents financially, but either due to working long hours or having 
moved away, are unable to provide physical assistance (310).  In addition, more 
women are entering the work force, couples are having fewer children and 
intergenerational spacing is increasing, all impact on traditional family arrangements 
(311).   




Furthermore, family structures have been profoundly changed with the 
HIV/AIDS pandemic, leaving older adults to first nurse their adult children when they 
are ill, and then to tend their orphaned grandchildren as primary carers (309, 312).  
More than twelve million children in sub-Saharan Africa have been orphaned by 
HIV/AIDS (269), and sizable numbers are cared for by their grandparents (312).  Thus, 
there has been a substantial change in the roles and responsibilities of older adults 
in the region (309, 312).  Fiscal strain is common in grandparent-led households (269, 309), 
leaving less likelihood that older adults can seek and pay for health care.  Finally, it 
has been suggested that respect for older adults in the African context is no longer 
assumed (310, 313, 314), which could add to older adults’ disempowerment.  These 
changes in the traditional fabric of society in Africa would suggest that care of, and 
finance for, older adults will shift from familial responsibility to public institutions (311). 
Research in South Africa has demonstrated many challenges faced by older 
adults (309, 312, 315).  The majority of South Africans over 60 years of age receive a 
monthly social pension provided by the state and have no other financial support for 
their retirement (46, 316).  While increased numbers of citizens are receiving social 
grants, poverty alleviation and improved health status remains elusive (315, 317).  For 
instance, pensions are often used to support others in the older individual’s 
household, rather than to improve the recipient’s ability to live independently (309, 312).  
While older South African adults usually ‘age in place’19, significant challenges arise 
concerning healthcare services.  First, services are regarded as under-developed 
and dysfunctional (318) and access to such healthcare facilities has not improved 
since democracy in 1994 (319).  Tensions exist between managing major 
 
19 Facilitation of allowing older adults to reside in their homes and communities for as long as 
possible. 




communicable diseases, such as tuberculosis and HIV/AIDS and a rising epidemic 
of non-communicable diseases (NCD) (318).  Furthermore, there are substantial 
indications of a bias towards younger populations when developing policies and 
services in emerging regions (304).  Needs of older adults are often ignored, with the 
result that in South Africa, they experience reduced access to health services 
compared with their younger counterparts (303, 320).   
Older adults are likely to have several chronic conditions with the potential to 
result in disability (303).  Thus, services are required to move from ‘once-off’ clinical 
encounters to long term management.  Specific to accessing health services, South 
Africans encounter problematic travelling distances to clinics and long waiting times 
once there (321).  Finally, research has suggested that older individuals using health 
care services perceived either a lack of quality of the service, or that the required 
assistance is not available (303, 312, 315).  Thus, it could be argued that the majority of 
older South Africans remain disadvantaged, have less financial and health care 
resources should they require interventions resulting from having fallen, making 
efforts at fall prevention a convincing priority.   
Planning for ageing in Africa. 
 In contrast with high-income countries that have experienced a gradual 
ageing of their populations, and have been able to anticipate strategies around care 
for the aged, LMIC are relatively unprepared in terms of planning policy (307).  It is 
predicted that within the next 20 years, emerging nations will have a high percentage 
of older individuals whose health needs will not be met (302).  Thus, LMIC have much 
less time available to formulate and implement policies to respond to the challenges 
of ageing populations and create infrastructure (306).  When the Millennium 
Development Goals were discussed, issues regarding older adults were not 




mentioned (310).  Progress has been made with the new Sustainable Development 
Goals specifying the need for optimal health at all ages (46), implying that concerns 
affecting older adults must be considered.   
The United Nations placed ageing populations at the forefront of a World 
Assembly agenda in Madrid in 2002 (322).  Signatories, including South Africa, 
pledged to develop strategies to improve health services for older adults (322).  In 
2003, the African Union produced a Plan of Action on Ageing, in which the need to 
prevent disease and subsequent disability, and for policies to promote access to 
health care was highlighted (322).  Implementation of the Plan of Action on Ageing has 
been slow and uncoordinated in Africa (310, 322-324).  In 2006, South Africa introduced 
legislation to uphold older individuals’ constitutional rights, and further indicated a 
need to shift services for older adults to community-based care (312, 315, 325).  
However, 1998 legislation had reduced budgets for older adults’ services, resulting in 
the closure of amenities, community centres and residential care for the aged (312).  
In the Western Cape of South Africa, where the present study is situated, service 
centres for older adults exist and provide hot meals and health-related information 
(325).  However, facilities are characterised by inconsistencies in staffing, capacity, 
funding and infrastructure, with the quality varying from very good to poor (325).  
Of relevance to the question of falls and their consequences, trends in high-
income countries suggest that of older adults who were hospitalised due to an 
injurious fall, 40% of them are discharged to a nursing home, 15% required home 
health or hospice care, and less than one third (29.6%) returned home with no 
assistance (326).  The changing circumstances of older adults in an African context 
suggests that there may not be capacity to manage those who have fallen within 
their home setting.  Older adults who have fallen may be caring for others (325), with a 




subsequent risk of further fragmentation of traditional systems of familial support.  
Moreover, residential care facilities for older adults are sparse (312) and overall 
healthcare provision quality has decreased (320).  The need for community and social 
housing for older adults is at a critical point; and yet the State perceives its only 
obligation is to provide support to older adults in need of residential frail care (320).  
These issues signal necessity to prepare, at a national and policy level, for the needs 
of older and possibly frail individuals.  The following Chapter describes fall 
prevention measures, and with a focus on exercise-based programmes and the 
evidence to support them.    




CHAPTER III.  PREVENTION OF FALLS 
Introduction 
Chapter III comprises two parts.  Part One focuses on disease prevention and 
health promotion.  Key to prevention is screening activities, discussed in terms of fall 
risk.  Fall prevention guidelines are introduced, and the lack of implementation 
described.  Approaches to fall prevention, and contextual issues in Africa are 
discussed.  Part Two presents fall prevention programmes.  Non-exercise-based 
interventions are mentioned briefly.  Evidence concerning exercise-based 
interventions underpins Part Two.  Methodological issues arising from the literature, 
and how these will be managed in this research, are described.  The organisational 
flow of the Chapter is depicted in  Figure 7. 
 
  Figure 7. Organisational flow of Chapter III. 




Part One: Role of Prevention and Health Promotion    
(327 p.121) 
Ageing is associated with physiological decline; age-related diseases and 
their attendant risk of falls already described.  However, it should not be assumed 
that falls are an inevitable consequence of ageing.  Instead, fall risk is remediable 
and thus lends itself to activities included in disease prevention and health promotion 
programmes (326).  Africa has been tardy in addressing the escalating problem of 
ageing.  Indeed, a review by Kalula and colleagues (328) failed to find any evidence of 
effective fall prevention strategies in a LMIC context.  In contrast, increasing 
numbers of randomised control trials (RCTs) exploring fall prevention programmes 
have been conducted in Asia (329).  Trials including adaptions of the OEP, an 
intervention in this report, have been conducted in Thailand (330) and Iran (331).  Yet, 
Kalula noted a persistent lack of knowledge regarding falls in Africa (239).  The South 
African Department of Health’s fall prevention guidelines were issued almost two 
decades ago (332), but no research has been conducted on their uptake or efficacy 
(333).  No evidence of an update to the guidelines could be found20, which could 
speak to falls not being a priority, despite the increased ageing population.  It is 
argued that the entire topic of fall prevention and management has been neglected 
 
20 As of November 2019. 
On average, an older adult falls every second of the day.  With the number of older 
adults and fall death rates rising, the situation will decline without active participation from 
all health sectors, especially primary care… no matter where you live and practice, at 
least one in five older adults report falling. 
 
We are at the point of putting what we know about the issue into action.  In other 
words, not “What should we do?” but “How should we do it?” for the best (patient) 
outcome. 




on this continent.  The current and predicted expansion of the aged portion of the 
population, and the lack of organisational responses to the attendant complications 
this will bring, presents a major public health concern.  Health care system reform in 
LMIC is required, with a focus on disease prevention, health promotion, early 
screening, and finally, effective intervention programmes at a community level (306). 
Historically, public health efforts were concerned with the prevention of 
disease in society (334).  In high-income countries, attention has shifted to the 
promotion of health and individual responsibility to maintain health, and these 
concepts have driven public health reform (334).  Conversely, LMIC maintain a dual 
responsibility, with communicable diseases such as tuberculosis and HIV/AIDS 
poorly controlled in some regions (335), and the growth of non-communicable 
diseases (NCD) (336).  Prevention programmes are a viable method to control the 
costs and consequences of NCD, and can impact positively on public health issues 
(337).  Notwithstanding the potential of health promotion and prevention activities to 
reduce incapacity and to improve QoL for older adults, such programmes have often 
overlooked this population as a target for services (338).  However, comprehensive 
efforts, including fall prevention programmes, have been made in the USA (339) and 
other high-income countries.  The following sections discuss activities in promotion 
efforts regarding falls.   
Screening. 
One of the key aspects and first steps of prevention strategies is screening, in 
which people at risk of falling are identified (340, 341).  Screening programmes offer the 
opportunity for early detection and management of disorders, combined with a public 
education component (311).  Conceptually, screening should be differentiated from 
diagnosis in that the aim is to categorise a population into two groups, that is, those 




with and without an increased risk of a condition (342).  Individuals who are screened 
positive for increased risk then proceed to further tests to diagnose and treat their 
condition (341).  Screening settings vary from medical facilities to community centres 
or home-based services; and staff may originate from diverse professional 
backgrounds (343, 344).  Home- and community-based care providers may be well-
placed to offer such services and then refer at-risk individuals for further assessment 
and management (344), making services more accessible.   
Guidelines for screening older adults for fall risk emanate from the American 
and British Geriatric Societies, adopted for use in programmes such as Stopping 
Elderly Accidents, Deaths and Injuries (STEADI) (345).  Briefly, the guidelines 
recommend that all adults over 65 years are asked about falls each year by their 
health care provider.  Patients are questioned about perceived walking or balance 
difficulties, and if the visit to the health care practitioner is due to a fall.  Finally, an 
office-based test of balance such as the Timed-Up-and-Go (TUG) is conducted.  
Individuals with positive results on the self-reported items or the balance test should 
be referred for a comprehensive fall risk assessment (341). 
While recommendations for balance and fall risk screening exist, 
implementation has been extremely slow and problematic (109, 346, 347).  Despite their 
importance to identify individuals with fall risk (348), guidelines appear to be under-
utilised in routine health care assessments (346, 347, 349).  However, a modest 
improvement in uptake has occurred in the last decade (350).  Furthermore, due to the 
multi-factorial issues comprising overall fall risk, screening for falls is fraught with 
difficulty (103).     
While guidelines suggest questioning patients regarding falls, this strategy 
may be inadvisable, as many older adults fail to report falls (351).  To illustrate, an 




Australian study of fall-reporting behaviour in older adults suggested that fewer than 
three in ten patients initiate talking to their doctors regarding falls (352).  Of those who 
did, 75% received either no or unhelpful advice (352).  Moreover, counselling was not 
in accordance with the evidence base; for example, patients were told to apply more 
caution when moving around and to move slowly (352).   
Supporting the lack of appropriate management referred to above, a small 
USA study suggested that only 8% of GPs based their fall prevention practices on 
recognised clinical guidelines (349).  Johnson, Newman, Danhauer, and Williams (151) 
proposed that failure to screen for balance disorders could be linked to lack of 
awareness of vestibular rehabilitation as an effective strategy for imbalance in the 
older population.  One could posit that the same lack of knowledge extends to the 
efficacy of exercise-based interventions to prevent falls.  Thus, ignorance of 
appropriate therapeutic paradigms for falls, and their association with balance 
disorders, could be a disincentive to screening activities.  Other possible challenges 
to implementation of clinical guidelines and screening for falls include a lack of time 
and training (109, 347), the latter probably integral to both studies cited here. 
For practitioners who employ screening, concerns arise regarding the 
sensitivity and specificity of tests to identify those with fall risk (103).  There is little 
consensus on which screening methods are most appropriate.  The predictive value 
of screening tests has not been well described, and the recommendations of the 
professional societies are thought to be only of moderate clinical utility (353).  Several 
authors have suggested there is some proof that simple enquiries regarding history 
of falls and perceptions of abnormal gait and balance are effective, and may be as 
robust as more sophisticated screening tests (341, 354).  Moreover, the heterogeneity 
within age-bands of older adults, and differences in the settings in which they live, 




implies that no single instrument for screening will be appropriate for all sub-
populations (346). 
Prevention. 
Some fall risk factors are modifiable, and others responsive to therapy.  
Moreover, for health care practitioners, falls are both predictable and preventable.  
Thus, the possibility exists to reduce the individual cost of falling, both physical and 
psychological, and the cost of falls in public health terms.  Previous studies have 
reported that reduction of even one fall risk factor impacts positively on fall events 
and morbidity (344).  Prevention of falls is a pressing medical, public health, and social 
issue (355, 356). 
There are two main approaches to fall prevention.  A selective approach 
identifies high-risk individuals and refers to dedicated fall prevention services.  While 
this approach is expensive, the benefit is individualised risk assessment and 
targeted advice and referrals (357).  The second approach is non-selective and 
includes attention to environmental issues, fall avoidance education, 
recommendations for physical exercise, and promotion of awareness of fall risk (357).  
Non-selective approaches have appeal for population-based, public health types of 
interventions.   
While selective and non-selective approaches have been described in the fall 
prevention literature, a model from the Institute of Medicine in the USA would 
perhaps allow for a better conceptualisation of fall prevention.  Winston et al., (358) 
described a three-tier intervention system.  The first, universal level (358) would 
address the public health problem of falls, and target a population-based audience.  
Sub-groups within the population, for example, frail adults and those in long-term 
residential facilities may receive a special focus.  Campaigns would raise awareness 




and promote healthy responses to fall risk, in a similar way that public health 
campaigns have influenced smoking risk-taking behaviour (359).  The second, 
selective level of intervention would allow for targeted minority groups with higher 
risks to be addressed.  Increased risk prompts more intensive intervention (358).  
Individuals with risk, but who have not yet experienced an adverse event such as a 
fall, would receive these interventions.  The top tier would be the smallest group and 
would already have experienced falls, likely injurious or recurrent falls, and would 
require more intensive and individualised management (358).  In a resource-
constrained setting, and a region in which there has been no sustained fall 
intervention, adoption of a tiered approach could be argued to make best use of 
economic and human assets.   
Resources for fall prevention and intervention programmes. 
The focus of this research was to extract and evaluate one element of 
successful fall risk reduction programmes, namely, physical exercise.  An exercise 
programme, making use of commercially available interactive video gaming 
technology, the WBB, was used in a novel way to reduce fall risk by improving 
balance and compared with a proven programme (OEP).  While a feasibility design 
considered issues to inform a larger randomised control trial (RCT), the effect of the 
interventions was assessed.  Should the WBB improve balance and strength, it has 
the possibility to be adapted so that there is the least possible drain on skilled health 
care professionals.  If successful, the intervention could be either self-directed or 
implemented with minimal assistance from ancillary staff, leaving health care 
professionals, for example, physiotherapists, audiologists, nurses, or occupational 
therapists to oversee and evaluate the programme, rather than deliver each 
component of it.   




Human resource challenges in Africa. 
Further motivation for the research is provided by the African context.  Several 
challenges affect the availability and effectiveness of health care professionals and 
their services to older people.  For example, migration has resulted in skilled health 
care professionals working in predominantly urban areas, leaving older individuals in 
rural areas with fewer available fewer services (302, 304).  There is a need for a larger 
cadre of health care professionals to service the entire population, including older 
adults, particularly in rural areas (360).  In addition, attrition and emigration of skilled 
health care professionals from LMIC, including South Africa has been well described 
(361-364).  A contributing factor to international migration of health care personnel is the 
mounting health care needs and funding for the ageing epidemic in high-income 
countries (365).  It is possible that better payment packages at home, and stringent 
rules regarding entrance into destination countries abroad may have slowed 
migration from South Africa (363).  Nonetheless, to stabilise the number of GPs at the 
current ratio to the South African population, which is critically under-serviced, the 
number of medical graduates needs to double within the next fifteen years (361).  GPs 
could be targeted as gate-keepers regarding fall occurrence in older adults.   
Furthermore, the nature of health care professionals’ training should shift, so 
that older people and their health are more of a focus (303).  Geriatric medicine is an 
unpopular speciality, even in high-income countries (366).  Gerontology is not part of 
the core undergraduate curriculum in South Africa or many other African countries 
(333).  Indeed, in 2015, only one of 25 medical schools in 11 countries in sub-Saharan 
Africa included geriatrics training in their curricula (367).  Specific to a lack of attention 
to the fall-related needs of older adults, Kalula and colleagues (368) presented 
interesting data.  Their study, set in the emergency unit at one of South Africa’s 




leading academic hospitals, suggested that the focus of casualty staff was primarily 
to assess and treat fall-related injuries.  Emergency department staff failed to 
question risk factors which contributed to the fall (333), suggesting a missed 
opportunity to manage fall risk.  Referrals were not made for evaluation and follow up 
of fall risk, despite geriatric services being available at the hospital (368).  Interestingly, 
the same hospital has a multi-disciplinary vestibular and balance service, which has 
never received a referral for falls evaluation and management from the emergency 
department.  Thus, more emphasis should be placed on prevention, rehabilitation, 
appropriate follow-up within a multi-disciplinary team and more long-term care for 
older adults (311).   
In the South African context, plans are underway to introduce mid-level, 
community-based rehabilitation workers to bridge the gap between doctors and 
nurses, and to address the human resource crisis in health care professions (361).  
These mid-level workers would be orientated to community-based care (362) and 
could perform a pivotal role in disease prevention and health promotion activities, 
including falls and fall risk.  Training such a corps would require a shift in attitude 
towards true prevention, as in many instances, health promotion education in South 
Africa commences only after the patient presents with a problem, rather than 
targeting whole communities (328).  Finally, primary health care facilities must be 
orientated to older adults, ensuring better accessibility (50).  Thus, unless 
implemented with care, fall prevention policies and interventions could be set for 
failure.   
 




Part Two: Exercise-based Interventions in Community-dwelling Older Adults 
(369 p.3) 
Introduction. 
Falls have been described as a “quintessential” geriatric syndrome (370) and 
thus, a chronic health condition which affects some older adults (370-372).  The 
construct of a geriatric syndrome clearly indicates that more than one factor 
contributes to the propensity for falls, and thus, diagnosis and treatment should be 
rational and focussed (373).  However, the label of a geriatric syndrome should not 
suggest an inevitable outcome of ageing, nor that the condition is not treatable and 
even reversible (373). 
Of the numerous chronic health conditions common in older adults, there is 
quality evidence supporting the implementation of fall prevention and management 
strategies (343).  Considerable literature has investigated the impact of exercise 
programmes in independent older adults to prevent falls and associated functional 
decline (53, 374).  Although the role of exercise in the maintenance of health and 
prevention of falls and disability is accepted, Davis and co-authors (375) suggested 
that exercise seems not to be prescribed in clinical settings.  Referring to exercise-
based fall prevention programmes, the same authors criticised clinicians’ lack of 
universal adoption of exercise as therapy, and the dearth of widespread public health 
spending to this end (375).   
The following section outlines the role of physical exercise to improve balance 
and reduce fall risk.  Specific attention is given to Cochrane reviews and other meta-
analyses.   
 
Exercise is medicine and physicians need to prescribe it! 




Evidence that Exercise-based Interventions Improve Balance: A Critique 
of Systematic Reviews. 
(376 p.864) 
Cochrane review. 
Howe and colleges, on behalf of the Cochrane Collaboration (377), conducted a 
systematic review (SR) of exercise-based intervention programmes to improve 
balance in older adults.  Quasi-randomised and randomised control trials (RCT) were 
included.  Cross-over designs were excluded due to the potential of the 
intervention/s to have a long-lasting effect (377).  Trial participants were over 60 years 
of age and resided in a variety of setting including institutions (377).  The inclusion of 
institutionalised participants is an important issue (378) and likely responsible for some 
skewing of the results.  For example, Sherrington, Tiedemann, Fairhall, Close, and 
Lord (379) examined the effect of exercise-based interventions in nursing home type 
residential settings as part of their meta-analysis (MA) and found no statistically 
significant reduction in fall events.  Howe et al.’s SR excluded participant groups with 
diagnoses of Parkinson’s disease, stroke, vestibular lesions, hip fractures, and 
cognitive impairments (377).   
Interventions had to involve muscle exercise, and could be either individually, 
self- or group- supervised.  A variety of health care professionals and fitness 
instructors implemented the programmes, and in some cases the qualifications of the 
supervisors were not stated (377).  The diversity of settings, supervision, and 
commitment to group or individual exercise regimens may have an impact on 
adherence and thus outcomes of interventions (378).  Experimental groups were 
There is no other group in our society that can benefit more from regularly 
performed exercise than the elderly.   




compared with either usual standard of care, or attendance at recreational or 
educational groups (377).  Care was taken in that control groups’ contact with the 
research team was the same as those in the experimental interventions (377).  Hence, 
a positive feature of the review is that issues of therapeutic alliance (380) were similar 
between intervention and placebo groups, a feature adopted in the present thesis.   
While diverse outcome measures were used, balance performance tests were 
an inclusion criterion for the SR.  Howe and co-workers (377) divided endpoints into 
primary (e.g., TUG, Single Leg Stance, gait speed, Berg Balance Scale) and 
secondary (e.g., functional reach, four square step tests, figure of eight, standard, 
and sharpened Romberg tests) measures.  The psychometrics of these measures 
will not be analysed here, but justification for the measures used in the present 
thesis is included in the Chapter VI.  Methodology Chapter and related Appendices.  
Trials recording fall rates or the number of participants who fell, but did not include 
balance as a primary outcome, were excluded (377).   
 Exercise interventions were categorised according to ProFaNE guidelines and 
were:  
• gait, balance, co-ordination and functional activities;  
• strengthening, three-dimensional (e.g.  Tai Chi, dance, yoga);  
• general PA (e.g., walking or cycling);  
• computerised balance training using visual feedback;  
• vibration platforms; and  
• multiple interventions, which were a combination of the above (377).   
Intervention duration varied from one to 12 months, with the most common period of 
intervention being three months.  Most often, exercise sessions were conducted 
three times per week and lasted one hour in duration (377).   




  Some fundamental methodological issues were revealed by Howe and co-
workers.  These concerns are shown in Error! Reference source not found. along 
with efforts to address them in this report.  




Table 1.  Methodological issues highlighted in Cochrane review and strategies to 
address them in the current study design. 
Issue Strategy for this report 
Lack of clarity regarding randomisation. Cluster randomisation of sites. 
Difficulty blinding participants to 
intervention. 
Cluster randomisation of sites lessened participant anxiety 
regarding group allocation and whether individuals were 
receiving the control or experimental intervention.   
It is not always possible to blind participants to a non-
pharmaceutical intervention (381), but the nature of which 
intervention was experimental was concealed. 
Lack of detail regarding blinding of 
assessors. 
Single blinding was achieved in most assessments.   
Outcome assessor was not involved in the initial intake of 
participants.   
At follow ups, participants were shown a brightly coloured 
sheet, with large font, asking them not to discuss the 
nature of the exercise programme, and their adherence to 
it, with the outcome assessor.   
The researcher was present throughout to remind 
participants regularly.   
Incomplete data management not 
described. 
The design envisaged per protocol and intention to treat 
(ITT) analysis; thus, permitting inclusion of individuals with 
incomplete follow ups. 
Lack of long term follow up in a sizable 
proportion of the studies. 
Six-month follow-up planned, as this was reasonable given 
the age of the participants. 
Attrition of participants. 
As the design was a Phase II feasibility study, adherence 
and attrition were specific objectives to be described. 
Small sample size in many of the included 
studies. 
The feasibility study design may inform suitable future trials 
regarding sample size.   




Results of the Cochrane review. 
 Exercise programmes focussed on gait, balance co-ordination and functional 
tasks produced statistically significant differences (signalling improvements) in 
primary outcome measures such as the TUG, gait speed, and Berg Balance Scale 
(BBS) when compared with controls (377).  Similarly, strengthening programmes 
showed statistically significant improvements in the TUG, Single Leg Stance (SLS) 
with eyes closed, and gait speed (377).  Multiple exercise interventions achieved 
statistically favourable results with the TUG, SLS with eyes open and closed, positive 
changes in gait speed, and the BBS (377).  Key recommendations were that exercise 
programmes had to: 
• Pose at least a moderate challenge to balance; 
• Have an exposure of 50 hours, that is, two hours per week; and 
• Be on-going, as the positive effects are rapidly lost upon cessation (377). 
Overall, Howe, and colleagues (377) concluded that there was evidence that some 
exercise types were moderately effective, as measured in the immediate period post 
intervention, resulting in clinical balance improvements in older adults.  Other 
authors, for example, Nyman and Victor (382), have argued that the evidence to 
support exercise to prevent falls presented in the Cochrane review is ‘robust’. 
Evidence from other systematic reviews. 
In contrast with Howe et al.’s (377) somewhat cautious conclusion regarding 
efficacy, Sherrington and colleagues’ (383) meta-analysis (MA) of 54 trials, 85% of 
which were based in the community, provided strong evidence in favour of exercise 
reducing fall rates in older people.  Their evidence of an overall fall reduction rate of 
17% based on 9 603 participants was felt to be applicable to broad populations of 
older adults (383).  Note that the two reviews examined different outcomes, 




specifically, balance improvements versus reduction of fall rates.  Differences in 
exercise regimens might be responsible for varied results in MAs.  In Sherrington et 
al.’s analysis, exercise exposure was calculated as the number of exercise sessions 
per week, multiplied by the length of the programme.  This measure was able to 
discriminate between more and less effective programmes and was superior to 
examining the weekly exercise frequency or programme length in isolation (383).  The 
minimum effective dose was found to be twice weekly sessions in a programme of 
25 weeks (383).  Recalling that in many of the trials included in the Cochrane review 
(377) the programme duration was 12 weeks, this could go some way to explaining the 
difference in strength of evidence offered between the two reviews.   
Balzer, Bremer, Schramm, Lühmann, and Raspe (384) expressed concern 
regarding methodological issues, with compromise of internal validity in half of the 37 
RCTs in their SR.  Supporting concerns outlined by the Cochrane Collaboration, 
shortcomings included lack of details regarding allocation of participants to groups, 
and lack of blinding (or reports of blinding procedures) of both the participants and 
investigators (384).  Despite these caveats, the authors found that exercise 
programmes may be effective if conducted consistently over a longer period of time 
(384).  The included studies comprised healthy, high functioning participants.  Finally, 
it was suggested that the variations in the exercise intensity and delivery mode,  
professional backgrounds of the trainers, and length of follow-up made firm 
conclusions regarding the effectiveness of one type of training over another difficult 
(384).   
Hill and co-workers (378) evaluated falls, time to fall events, and physical 
performance in their MA.  Of relevance to this research, only home-based 
programmes were included (378).  This setting is an important selection criterion, as 




adherence may be different between individuals performing exercises at home as 
opposed to a group, centralised setting (378).  Twelve trials yielded a total of 2 999 
participants.  Unlike the Cochrane (377) design, Hill et al.’s (378) review included groups 
of participants with Parkinson’s disease, post-hip fracture individuals and dementia.  
Some of these groups could be argued to be at a higher fall risk due to the presence 
of a movement disorder, and likely previous injurious falls.  Seven OEP trials were 
included in the MA (378).   
Several outcome measures reviewed (378) are used in the present thesis, thus, 
results are presented here.  The Physical Activity Scale for the Elderly (PASE)21 is a 
questionnaire evaluating leisure physical activities in older adults.  Questions 
consider the frequency and duration of activity.  Low scores indicate sedentary 
behaviour, while high scores reflect high level PA demands being met (385).  In the 
intervention groups, the PASE demonstrated significantly higher PA levels than for 
the control groups (378).  Two studies examined balance outcome measures used in 
this report.  The TUG is commonly used to evaluate fall risk in clinical and research 
settings (386).  Analysis of TUG scores failed to demonstrate a difference between 
groups in Hill et al.’s (378) review.  The Five Times Sit to Stand Test (FTSST) 
evaluates functional lower limb strength and functional changes of transitional 
movements between sitting and standing, and is an important predictor of falls and 
future disability in older adults (387).  Hill and colleagues’ (378) review demonstrated 
exercise improved scores on the FTSST.  Overall, although there was no difference 
in the number of people who fell, levels of PA and measures of balance improved in 
individuals who participated in exercise-based interventions (378).  Highlighted design 
features which enhanced success in the MA (378) were applied in the present thesis, 
 
21 (©New England Research Institutes, 1991) 




and included a physiotherapist to supervise the exercises, home visits, and 
completion of exercise diaries.  A cautionary note was that individualised 
programmes lacked the social component of group exercise classes, and required 
more self-efficacy from the participants (378). 
Like Hill et al.’s (378) review, where a focus was fall events, Tricco and 
collaborators (388) examined the number and rate of falls, and injurious falls as key 
endpoints.  However, all single and multi-factorial interventions were included, rather 
than exclusively exercise-based programmes (388).  The large (41 596) population 
pooled in the network MA were older adults from diverse settings (388).  While 
exercise interventions were found to reduce the rate of injurious falls (OR 5.1) and 
overall number of falls (OR 0.83); interestingly, there was no positive impact on 
either the number of fractures or hip fractures (388).   
Stubbs, Brefka, and Denkinger (389) conducted an umbrella review of MA, 
which included the Cochrane reviews.  The focus was independent community-
dwelling older adults, and specialised populations (e.g., Parkinson’s disease, stroke) 
were excluded (389).  In contrast to several reviews already cited, there were no 
restrictions regarding the reporting language of the initial trials or reviews of trials 
(389).  Therefore, the chance of publication bias, problematic in SR and MA (390), was 
somewhat mitigated.  Another positive feature is that a standardised definition of a 
fall event was used (389).  Results were encouraging, with a reduction in fall rate, risk, 
and odds of falling with exercise-based interventions (389).  The quality of the MAs 
included in the review was found to be moderate to high, although poor reporting of 
harms, and adverse events was found (389).  Efforts were made to adopt a rigorous 
reporting strategy for injury or harm experienced during the present research.   




Michael and colleagues’ (391) SR similarly commented upon the small number 
of trials that were explicit in reporting adverse effects.  However, there was no 
increase in falls across any of the active groups in exercise intervention trials (391), 
suggesting that exercise-based interventions to reduce fall risk are safe.  Reduction 
in fall risk due to an exercise-based intervention, conducted in settings which could 
be used in primary care of community-dwelling older adults, was found to be 13% in 
the pooled analysis (391), similar to Stubbs et al. (389).  Effect size was resistant to age, 
sex, history of previous falls and fall risk (391).   
Further Cochrane reviews have been published.  Sherrington and co-authors 
(392) updated their previous (2008) review, motivated by the proliferation of new trials.  
Their MA examined endpoints like the number and rate of falls (392).  Special 
populations, including those recently discharged from hospital were incorporated but 
analysed separately (392).  Strong evidence was found in favour of the effects of 
exercise to reduce falls (392).  Of relevance to the present thesis, while the results 
were felt to be generalisable, few studies had emanated from LMIC (392).  Sherrington 
and colleagues (393) published another review in 2019.   Findings revealed that 
exercise-based interventions reduced the rate of falls by 23% and recurrent falls by 
15% (393).  Adverse effects were examined in several trials in the MA, and a median 
of three (range 1-26) was computed over a total of 27 RCTs involving 6 019 
participants (393).  The following section summarises issues arising from the critique 
of research already offered, and strategies to address them in this study. 
Recommendations arising from critiques of research on exercise-based 
interventions to reduce falls. 
Howe et al., (377) suggested that future research should conform to CONSORT 
guidelines, and that outcome measures should be clinically relevant.  Measures 




correlated to functional activities should be emphasised, as these are of importance 
to participants in terms of ADL performance (377).  Indeed, there is little point in 
reducing fall risk if concomitant QoL is not similarly improved, so patient-related 
outcomes are valuable.  In this report, outcome measures were carefully selected as 
participant-orientated, and not requiring the use of sophisticated equipment or 
intensive training for assessors, making them relevant in a LMIC context.  Further 
considerations have emerged from literature (374, 379, 383) and influenced the design of 
this project.  Mention is made of how the recommendations influenced study design 
for both the conventional (OEP) and WBB interventions.  These are described in 
Table 2.  The following chapters focus specifically on the interventions used in this 
feasibility study.




Table 2.  Methodological concerns from literature review and strategies to address them in this study.   
Methodological concern Strategies implemented in this study 
Lack of clear superiority of any one 
exercise intervention (374). 
• Use of evidence-based intervention Otagoe Exercise Programme (OEP) for control group.   
• Implementation of experimental Wii Balance Board WBB intervention to evaluate feasibility and seek 
preliminary evidence.   
Lack of consistency of fall definition 
(374).   
• PRoFaNE guidelines for definition and description to participants implemented. 
Falls and injuries should be 
reported, due to their implications for 
the individual who has fallen and use 
of health resources (374).   
• Participants were asked regarding falls, their circumstances and consequences at every follow-up.  A formal 
system of categorising injuries (394, 395) was implemented:  
□ A – Serious injury: admission to hospital/accident and emergency unit with fractured bones, head or 
internal injuries. 
□ B – Moderate injury: wounds, bruises, cuts requiring a health professional’s examination such as physical 
examination, X-ray, sutures. 
□ C – Minor injury: minor bruises or cuts not requiring health professional assistance, reduction in physical 
activities for at least three days 
□ D – No injury: no physical injury detected 
□ E – No injury, but afraid of falling again 
Activities need to progressively 
challenge balance abilities (374). 
• Both interventions permitted progression of the complexity of the exercises. 
 
 




Table 2 continued.  
Methodological concern Strategies implemented in this study 
Challenge to balance should be 
either moderate or high (379). 
• Exercises should reduce the base of support, allow movement of the centre of gravity and decrease the 
need for upper limb support when exercising (379).  Both interventions permitted adoption of all these 
recommendations.   
Activities must promote rapid 
reactions (374) and dual tasking (396). 
• WBB required participants to maintain balance, generate motor responses and cognitive engagement.   
• Rapid reactions are required for perturbations of balance in the control intervention.  Some level of 
concentration is required and was encouraged by the therapist.   
Recommended dose should be a 
minimum of two hours per week for 
six months, i.e.  50 hours (379, 383). 
• OEP and WBB met this criterion.  Participants were required to complete an exercise log and adherence 
was monitored with telephone calls and home visits.   
Use of walking training.  Walking 
programmes are simple for older 
adults to implement and are not 
equipment or cost intensive (374). 
• Exercise models have been successful in fall reduction, whether they have included a walking component or 
not.  However, walking may reduce the time and attention older adults give to the more targeted balance 
and co-ordination components of the programmes (379).  Furthermore, while walking programmes may 
improve overall PA levels in older adults, research is divided as to its role in fall prevention (397).   
• The OEP includes a walking programme; to standardise this component a similar walking requirement was 
added to the WBB. 
• The OEP (control intervention) must be given exactly as prescribed (398) thus, no adaptations or exclusions 
were made. 




CHAPTER IV.  CONVENTIONAL EXERCISE-BASED 
INTERVENTIONS AND THE OTAGO EXERCISE PROGRAMME FOR 
REDUCING THE RISK OF FALLS 
Introduction 
Chapter IV is the first of two Chapters to discuss the interventions used in this   
feasibility study.  Conventional fall prevention programmes are outlined, followed by 
a description of the OEP.  Evidence to support the use of the OEP is offered, with a 
brief review of its application in high-income and LMIC.  Outcomes aligned to 
feasibility studies, namely recruitment, attrition, safety, and adherence are 
considered, followed by costs of OEP interventions.  Figure 8 shows the 
organisational flow of Chapter IV. 
 
 Figure 8. Organisational flow of Chapter IV. 
Conventional Fall Prevention Programmes 
As discussed, increasing rates of falls, injurious falls, and death-related falls 
are pressing concerns.  For example, age-adjusted data for adults over 65 years of 
age in the USA showed that between 2007 and 2016, the rate of death due to falls 
increased by 3% per year, yielding an overall increase of 31% in a decade (247).  




Should this exponential rise not be addressed, by 2030 there will be seven fall-
related deaths per hour in the USA alone (298).  At the same time, exercise-based 
interventions which improve strength, gait, and balance successfully reduce fall risk 
and rate, and death-related falls (327).  One SR (391) suggested that exercise-based 
programmes reduced the risk of falls by 13%, while other large reviews (383, 399) cite 
up to a 40% reduction of fall risk.  Recommendations based on moderate evidence 
(level B) from the USA Preventive Services Task Force, have been made in favour of 
exercise for community-dwelling older adults at risk for falls (400).   
Efforts to introduce large-scale exercise-based fall prevention programmes 
have been made, particularly in the global North.  In the USA, strategies include falls 
advocacy groups, such as the Falls Free® Initiative and a number of programmes 
including: the OEP (401), Matter of Balance exercise and education classes (402), 
Stepping On (299) and STEADI (Stopping Elderly Accidents, Deaths and Injuries) 
toolkits for health providers (299, 403, 404).  In Europe, regional resources include 
professional networks such as PRoFaNE and the Falls Prevention network (405).  
National policies and efforts at screening, fall prevention and management are 
underway in countries such as Scotland and Eire (406, 407).  While various 
programmes are available, the focus is the OEP. 
Some caveats regarding the literature exist.  These are: 
• Falls have multi-factorial causes (408) and thus, addressing one aspect, 
like balance, may not be the sole reason for change in fall risk status.  
For example, gains in cognitive function associated with the OEP may, 
at least partially, explain fall risk reduction (409).  Improvements in 
cognitive skills are noted in the following Chapter, which discusses the 
WBB. 




• Differences in fall definitions and exercise components, end-points, and 
effect sizes explain variance in results from clinical trials (327).  
Furthermore, specific outcomes may not be suited to collation of quality 
evidence, synthesis, and interpretation (408), leading to exclusion of 
potentially important results. 
• Exercise programmes, even those focused on one type of intervention, 
may have different results in RCTs due to variations in the method of 
delivery (group vs. individual) and level of exposure (frequency, 
duration, and intensity) (410).   
• Clinical trial populations may not resemble those for whom fall risk is 
typically greatest.  Often, selection criteria for trials are strict, leading to 
exclusion of certain groups or individuals (109).  For example, there has 
been little attention for individuals >85 years of age, referred to as the 
oldest-old (411), and populations with multi-morbidities or limited English 
(109). 
Otago Exercise Programme 
 The OEP is a home-based exercise programme to reduce the risk of falls in 
community-dwelling older adults (409).  Developed in New Zealand in the late 1990s, 
initial results over four trials with 1,016 participants aged between 65-97 years of age 
suggested a 35% reduction in fall events and fall related injuries over 12 months (53, 
396).  The programme has been implemented across the world, and favourable 
results continue to be obtained in diverse settings (401).   
The OEP was selected as the programme of choice by the Centers for 
Disease Control and Prevention (CDC) and USA National Council on Aging to 
undergo pilot studies in three American states in 2012 (396, 412).  The process to select 




the OEP was rigorous.  The second review of fall interventions by the CDC found 22 
interventions effective for reducing the rate of falls (413).  The OEP was one of three 
physical exercise interventions chosen based on the strength of evidence (412, 414).  
American training systems enable the OEP to be delivered at a community level, 
while maintaining standards for efficacy (413).  Research continues regarding the 
OEP’s implementation (401), with modifications such as using non-physiotherapist 
instructors (415).  Group- and video-supported OEPs have been evaluated in several 
countries (414, 416-418), along with adding specific vestibular exercises to a modified 
OEP (162).  The OEP has been implemented in trials in LMIC, where preliminary 
results are emerging (89, 330, 331).  The latter RCTs are discussed briefly after the 
efficacy of the OEP has been reviewed. 
Although initially developed for community-dwelling older adults with fall risk, 
the OEP has been used in diverse populations.  These include balance deficits (419), 
stroke survivors (420), patients with osteo- (92) and rheumatoid- arthritis (421), and 
younger adult groups with developmental and intellectual disabilities (422).  Studies 
have compared the OEP with different class-based exercises aimed at fall risk 
reduction (423), and with other forms of exercise described to be effective at reducing 
falls, such as Tai Chi (424).  A recent SR examined the use of video exercise and 
virtual-reality based programmes to improve physical performance, rather than fall 
risk per se, in older adults and none of the included studies compared a classically-
delivered OEP with an intervention using the WBB (425).  This report, which considers 
the feasibility of a large RCT comparing outcomes (in terms of balance and fall risk) 
of the OEP with the WBB is unique. 




OEP design and evidence. 
OEP components include leg muscle strengthening exercises, balance 
retraining and a walking schedule, which increase in intensity and level of challenge 
over the duration of the programme (409, 416).  A physiotherapist delivers the OEP to 
an individual at risk for falls, and adjustments are made by the therapist at follow-up 
visits (416).  The OEP meets the following requirements:  
• Structured exercise intervention.  Warm up, balance and gait training 
are delivered consistently (396);   
• Evidence-based programme.  Clinical trials have shown an effect 
regardless of setting or instructor (396); and   
• Primary fall prevention, in that it prevents falls in those without a history 
of falls (416).   
A key construct underpinning the success of the OEP is that the moderate to high 
intensity challenges to balance have a protective effect on the rate of falls, 
amounting to approximately 25% (383).  The precise mechanisms by which 
programmes such as the OEP reduce falls remain unclear (410).   
It is possible that the OEP may reduce falls by improving executive function, 
for example, working memory (409).  Liu-Ambrose and colleagues (409) conducted a 
well-designed, albeit underpowered RCT of the OEP and a control group of frail 
older adults with a history of falls.  Measures included several selected for the 
current study, such as the PASE, Functional Comorbidities Index and TUG.  The 
OEP group experienced a 47% decrease in fall events at one year (409).  
Interestingly, there was no significant changes in functional mobility (TUG) after six 
months, suggesting the gain experienced by the OEP individuals was not exclusively 
physiological (409).  This reduction in fall risk was attributed to improved cognitive and 




executive function (409), a construct later referred to as the central benefit model (426).  
The evidence from MA of the OEP is presented next. 
One of the early publications concerning the OEP demonstrated a reduction in 
falls and injurious falls of 35% in community-dwelling older adults, with maximum 
benefit experienced by participants ≥80 years of age (394).  A 2010 MA (53) explored 
single-blinded RCTs of the OEP, four of which originated from the intervention 
developers.  All the trials used a standard definition of falls as per PRoFaNE’s 
recommendations.  Seven studies, with a total of 1 503 participants, were included.  
Sources of bias were at times unavoidable (53).  For example, it is frequently not 
possible to blind participants and therapists to the nature of the intervention in non-
pharmacological trials (427).  The MA did not focus on outcome measures which 
concerned balance, gait or QoL; rather, endpoints were programme adherence, 
adverse events, falls, attendant injuries, and mortality (53).  Thomas, Mackintosh, and 
Halbert’s (53) findings noted a significantly reduced risk of falls and death in older 
adults participating in the OEP.  Unlike previous findings (394)  the rate of injurious 
falls did not decline (53).  The included trials were high quality, but a homogeneous 
population was likely due to the origin of some of the reports (53).  Adherence and 
safety will be discussed under a separate heading.   
OEP in LMIC. 
 There is scant literature regarding the OEP in LMIC, although studies have 
emerged from India (428), Iran (331), and groups in Thailand (330, 429) and Malaysia (89, 
430).  The results from Malaysia await publication (215, 431).  A small (30 participants) 
pre-test post-test study from India (428) had several apparent methodological 
challenges.  These included a short (six week) exposure to the programme, a lack of 
details regarding power and effect size, lack of blinding and a control group, and no 




prospective recording of falls.  However, the authors declared findings as clinically 
significant, with improvements in balance and strength and reduction in over fall risk 
from moderate to low (428).   
 An appropriately powered and well-designed RCT was conducted with Iranian 
adults ≥60 years of age with a history of falls (331).  In contrast with the studies 
conducted in Thailand (described below), positive results were found in the OEP 
group.  Statistically significant improvements were found in key endpoints, such as 
the TUG, BBS, and 30 second sit-to-stand test, as well as the rate of falls (331).  
Possible contributing factors to success in the Iranian study include a 
physiotherapist-delivered programme, an unmodified OEP, younger participants, and 
finally the presence of a female care-giver who was judged to have appropriate 
levels of health literacy (331).  Such a care-giver may positively impact adherence. 
 Studies from Thailand were similarly well designed and found poor results in 
terms of benefit.  Boongird, Keesukphan, Rattanasiri, and Thakkinstian (330) used 
stringent procedures for their RCT.  A standardised definition of falls was provided; 
and outcome measures were those commonly used in falls research (fall events 
recorded on a calendar; TUG, BBS, FTSST, and QoL measures) (330).  The OEP was 
modified by combining and simplifying the exercises, and a video and training with a 
nurse was provided (330).  Although recruited from a primary care service at a 
university hospital, participants were community-dwelling older adults with a mild to 
moderate balance disorder (330).  The presence of a balance disorder was implied by 
either the use of a cane to walk, or abnormal functional reach and FTSST scores.  A 
previous fall was not a selection criterion (330).   
A non-statistically significant reduction in the rate of falls was found in the 
intervention group (330).  No differences between groups were found for the physical 




endpoints or QoL measures, but fear of falling was reduced in the OEP participants.  
Adherence to the OEP was poor, with less than one third (29.6%) of the 219 
participants recording over 120 minutes/week (good adherence) at three months 
post trial induction.  Very few (13%) OEP participants received home visits (330).  The 
lack of home supervision is likely a sizable contributor to the results, as supervision 
is a key component of the OEP; as is delivering the programme precisely as outlined 
by its developers (398).  A positive feature of the study is that the participants were 
heterogeneous (330) and represented a typical profile for older adults, in terms of 
multi-morbidities and medications.   
Another RCT from Thailand recruited participants ≥60 years of age and 
provided a four-month OEP intervention with home visits by a physiotherapist (429).  
Falls and exercise sessions were recorded.  Physical endpoints included functional 
reach, FTSST, and TUG including dual-tasking.  Results were analysed on an 
intention to treat (ITT) basis (429).  Unlike Boongird et al.’s (330) study, high levels of 
adherence to the programme were noted.  Despite this, and a multi-factorial 
intervention including medication review and home hazard modification, no 
significant difference in fall events was found between the OEP and controls (429).  
The researchers posited that programme duration and younger, presumably fitter, 
participants may account for the differences between their and other published 
favourable results (429).  Thus, well-designed RCTs conducted in LMIC did not 
produce congruent results, leaving questions as to its applicability in such regions.  
All trials presented here raised contextual issues, which may be applicable when 
considering adoption of conventional exercise-based programmes in South Africa. 
 




The OEP has several features which made it suitable for implementation as 
the control intervention in this research and these are tabulated in Table 3.  
Adaptations to the WBB are suggested to make the two interventions comparable in 
certain aspects.  The following section will present feasibility issues which are 
pertinent to this trial.  




Table 3.  Features of Otago Exercise Programme (OEP) and adaptions to Wii Balance Board (WBB) for this study. 






Non-selective intervention. Single, exercise-based intervention. Single, exercise-based intervention. 
Home-based programme aimed 
at community-dwelling older 
individuals. 
Programme designed as such. Programme given as such. 
Level of customisation. Important concept in programme. 
While not customisable, the WBB programme was made more 
challenging each week.   
Ideal regimen is 50 hours. 
30-minute sessions at least three times per week 
PLUS two walks per week. 
Sessions were compiled with the same frequency and a walking 
component added. 
Progression in level of challenge 
to balance – e.g.  more 
repetitions, more difficult 
exercises, more time walking. 
Guidelines laid out in programme. 
Games have increasing levels of complexity/difficulty to allow 
progression.   
Effect of contact with therapist. Five home visits, monthly telephone contact. Implemented with same level of contact. 
Tracking of adherence. 
Specified in programme with monthly calendar on 
which exercise sessions and walks are indicated.  
Reminders given either at follow-up visit or phone 
call. 
Identical to OEP. 
Falls diary. 
Provided along with the exercise calendar, and 
used classification of serious, moderate and no 
injury (53). 
Identical for all groups. 





Recruitment and attrition for OEP trials. 
One of the endpoints of Thomas et al.’s (53) MA was attrition.  Attrition was 
generally low, with data being available for at least one of the key outcomes in more 
than 80% of the participants (53).  Table B.2 in Appendix B shows enrolment and 
attrition data extracted from a sample of OEP studies from the global North and 
LMIC.  The following definitions were used to calculate the data: 
• Target population: the pool of potentially eligible candidates for the trial 
(79).  The target population speaks to the generalisability of a study (432). 
• Eligibility fraction: the proportion of the target population who undergo 
screening and are found eligible to enrol (79). 
• Enrolment fraction: the number who are eligible, give informed consent, 
and actually enrol in the trial (79, 432). 
• Recruitment fraction: the number of potential participants who actually 
enrol in the trial (79), calculated by the product of the eligibility, and 
enrolment fractions (432). 
• Number of patients needed to be screened (NNS): the number of 




 (79).   
 Of interest in Table B.2 is the highly variable NNS, which ranged between 
1.26 – 5.88.  Having to screen almost six potential participants to recruit one is 
expensive and time-consuming, an important consideration in clinical trials.  Studies’ 
attrition rates varied.  Most encouraging was a Canadian study which reported OEP 
participant attrition of 9.6% and 14.2% for the controls (426).  A trial in the UK reported 
30% attrition (162).  Data from LMIC were similar or worse, with an Iranian study, 




which coincidentally had the highest NNS, having well over one in three participants 
(41.9%) not available at the endpoint (331).  With the exception of one Thai (429)  study, 
there is little difference in attrition between experimental and control groups. 
Safety and adherence for OEP trials. 
 Safety and adherence were addressed in Thomas, Mackintosh, and Halbert’s 
(53)  MA.  In the studies which discussed safety, overall six adverse events occurred; 
which included three falls, pain related to exercise, and one moderate injury which 
was not the result of a fall (53).  Six of the seven included studies presented 
adherence data.  Of 747 participants who were retained at 12 months, over one third 
(36.7% ± 15.8%, range 18 – 63%) were exercising three or more times per week.  
Over half (55.9% ± 14.8%, range 36-72%) were exercising twice per week at the 12-
month point (53).  However, safety and adherence data are inconsistently reported in 
the literature.  For example, Patel, and Pachpute (428) failed to mention either.  Table 
B.3. Trials of OEP: adherence, safety and outcome measures. outlines previously-mentioned 
studies in terms of adherence and safety/adverse events.  Outcome measures are 
shown and are discussed in the Methodology Chapter and Appendices. 
Costs of fall prevention programmes including the OEP. 
 Frick, King, Parrish, and Narrett (433) noted the dearth of research on the cost-
effectiveness of fall prevention interventions.  Indeed, at a time where there are 
increasing calls to introduce population-level interventions (109), evidence for their 
cost-effectiveness must be proven.  Despite guidelines (434) recommending methods 
to evaluate fall prevention programme costs, this aspect remains under-developed.   
The OEP was one of three evidence-based fall prevention programmes subjected 
to a cost-benefit analysis, where key considerations included feasibility, 




effectiveness and return on investment (435).  The following calculations were 
computed: 
• Average cost of programme per participant calculated by: 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠
 
• Net benefit (benefit from averting medical costs attributed to an injurious fall 
after subtracting the intervention costs). 
• Average expected benefit, a subtraction of the direct medical (fall-related) 
costs for an intervention participant from the direct medical costs of a non-
intervention individual. 
• Return on investment (ROI) is the percentage of return for each invested 
dollar.  The magnitude is the extent to which the programme benefits 
exceeded the programme costs, expressed in a percentage (435).   
The average cost of delivering the OEP was US$339.15 in 2012 US$; average 
expected benefit was US$461, while net benefit was US$121.85 per participant (435).  
A positive ROI was found with a 36% return for every dollar invested.  When 
individuals over 80 years of age were analysed separately, results were even more 
impressive.  Due to the increased likelihood of falls, and more serious injurious falls, 
average expected benefit increased to US$768.33; the net benefit rose to 
US$429.18 and ROI to 127% (435).   
Although the participants included in a cost-benefit analysis in the United 
Kingdom had rheumatoid arthritis, the average age was 62 years (421).  Here, the cost 
of delivering the OEP amounted to US$314.34 in 2016 US$ for one year; average 
expected benefit was US$1304, and the ROI amounted to over 100% (421).  Costs 
were similar to those incurred in the USA study cited above, and high levels of ROI 
were apparent in both studies.  Thus, research suggests the OEP has been shown 




to be effective, cost-saving in terms of net benefits and offers a substantial return on 
investment. 
While the few studies specific to the cost-effectiveness of the OEP have been 
discussed, results of reviews of programmes such as the Matter of Balance 
programme are relevant to the context of this study.  The Matter of Balance 
programme was developed as a high priority prevention and health promotion 
programme to improve health and reduce medical expenses of Medicare recipients 
in the USA (436).  Reductions in unplanned hospitalisations, decreased spending on 
health-related expenses and service utilisation resulted from the programme (436).  In 
challenging healthcare settings such as South Africa (437), the ability to plan for 
service supply and demand is essential.  Other key lessons from a review of the 
Matter of Balance programme of relevance for South Africa include: 
• Targeting of programmes in areas where a high concentration of older 
adults reside (402).  Thus, programmes might commence in centres for 
older adults before being replicated on a scalable level. 
• Training of volunteers to deliver the programme  (402).  Volunteerism is 
influenced by cultural norms, which in turn may facilitate or obstruct 
volunteering (438); however, in the South African milieu, the collectivist spirit 
of Ubuntu22 could have a positive influence of volunteerism (439).   
• Advocacy for completion of programmes, by managing barriers of 
individuals’ capacity for adherence (402).   
• Commitment to large scale, population-based fall prevention programme 
delivery (402).  Such commitment requires political will, present in the global 
North and discussed in previous Chapters; but as yet, not implemented 
 
22 See Glossary of Terms. 




well in South Africa.  It is hoped this study and subsequent work may 
generate data to place falls in older adults on the agenda. 
 




CHAPTER V.  EXERGAMES AND EVIDENCE FOR THE WII 
BALANCE BOARD AND FALL PREVENTION  
Introduction 
This Chapter is arranged in two parts.  Part One introduces serious games 
and exergames as a rehabilitation tool.  Motivation for the use of technology is 
considered in an international and local context.  One of the commonly used 
commercial applications of exergames, the WBB is explored in detail.  A novel 
aspect of Part Two is the comparison between knowledge of principles underpinning 
the success of vestibular rehabilitation therapy (VRT) and how these might 
contribute to the putative success of exergames for improvements in balance and 
reduction of fall risk.  Part Two examines the evidence for WBB with reference to 
balance and falls and highlights methodological issues with published studies. Figure 
9 depicts the organisational flow of Chapter V. 
 Figure 9. Organisational flow of Chapter V. 





Serious Games in Context 
Serious games are computer games with functions other than pure 
entertainment and have applications in health, corporate and military training, and 
education (440).  In the health and rehabilitation context, serious games refer to the 
use of commercial games, such as the WBB, as therapy tools (441).  Active video 
games, also referred to as exergames, are interactive video games which require 
physical activity (PA) from the player to drive the game (425, 442).  Exergames provide 
a combination of exercise, fun and entertainment (443), the latter two being appealing 
features for users.  The following discussion focuses on the WBB, used in this report, 
and no other products using similar technology, such as the Xbox Kinect™.  
Furthermore, custom-designed immersive virtual reality paradigms have been 
excluded from this section.  True virtual reality systems are more expensive than 
commercial exergames and are often only available in specialised settings (441), 
making them unsuitable for the context of the present thesis.  The WBB was in 
common use23 during the design phase of the study, as evidenced by SR discussed 
below.  The Wii Fit Plus programme was hugely successful, with over 22.67 million 
units sold worldwide by 2018 (444). 
 
23 However, Nintendo has since announced its production has been halted in Japan and Europe.  A 
brief search of commercial online stores such as Amazon conducted 25.11.2019 showed continued 
availability.  Nonetheless, it is hoped that the results of this report may be useful in planning 
interventions using similar devices in future.   
 
Technology is nothing.  What’s important is that you have faith in people, 
that they’re basically good and smart, and if you give them tools, they’ll do 
wonderful things with them.   
 
Steve Jobs 




The advent of serious games has attracted new audiences previously  
disinterested in videogaming, for example, women and older adults (66).  The 
introduction of the WBB was an attempt to challenge perceptions of videogaming as 
exclusive to sedentary young people (445).  Nintendo® specifically targeted an older 
adult audience with the Wii, as the company perceived this population as a growing 
market with spending power (445).  While the use of digital games by adults over 50 
years of age varies according to the country, the possibility of using technology as a 
sustainable way to potentially treat the sensory-motor decline of older adults should 
be explored as an accessible and legitimate form of intervention (446, 447).   
By using interactive technology to sharpen cognitive, sensory-motor abilities 
and even socio-emotional well-being, successful ageing, and maintenance of 
independence could be promoted at a population level (417, 448-450).  In countries like 
the USA and United Kingdom, more than half the population of older adults have 
internet access and use digital game technology (451, 452).  Individuals with high 
incomes may well have better access to technology to improve their health; 
therefore, it is important that technological interventions are delivered with care, to 
avoid exacerbating the disparity between well-resourced and underserved 
populations (453).  Rural and disadvantaged populations are at risk of being excluded 
from technology, a phenomenon described as the digital divide or digital exclusion 
(454).  Global efforts strive to increase access to the internet and telecommunications 
(455).  In South Africa, a country plagued by inequality and a heterogenous society 
(456, 457), policies such as South Africa Connect, instituted in 2013, aim to provide 
broadband capacity to all South Africans by 2030 (455).  South African legislation 
prioritises access to information technology as a key measure in poverty alleviation 
(458, 459).  Even in settings where technology may not be currently accessed by large 




sectors of the population, particularly poor socio-economic groups such as South 
Africa (459), the potential for computer-assisted rehabilitation exists.  In the case of the 
WBB, there is no reliance on internet connectivity or dedicated computers, rather a 
console and balance board interface with a television.  Equipment could be placed at 
community centres, clinics, churches, and other meeting places to ensure maximum 
use by a cross-section of people.   
Motivation to use an exergame intervention in this study. 
There is an abundance of research concerning the use of exergames (460).  
Research reports have considered exergaming for the rehabilitation of numerous 
conditions, including traumatic brain injury (461), Parkinson’s disease (462, 463), stroke 
(464), multiple sclerosis (465, 466), balance and vestibular issues (467-471), and fear of 
falling (472).  Amelioration of balance issues in older adults has been a key focus for 
exergaming interventions (460).  SRs have demonstrated supervised balance training 
using exergames to be efficacious, with results suggesting outcomes at least as 
good as conventional balance exercises (441, 473).  However, valid concerns remain 
regarding varied outcomes and reporting, methodological issues, and cost- 
effectiveness (417, 450, 474).  Feasibility is particularly poorly described (475).  This 
research hoped to address some of these questions.   
Routine rehabilitation exercises given in physiotherapeutic treatment can be 
repetitive and uninteresting for patients (473).  Boredom may contribute to poor 
motivation and adherence levels (476).  In contrast, the fun element of incentivises 
individuals and encourages physical activity (PA) (474).  Enjoyment and the engaging 
nature of exergames (477) may allow patients to focus less on their physical 
conditions, and more on their continued interaction with the games (449, 478).  
Exergames may promote self-efficacy (474), a concept explored later.  Active 




videogaming may allow for increased and more accurate repetitions of exercises (473, 
478) without the onset of tedium.  Importantly, overall training time may be augmented 
(478).  Sufficient exposure to rehabilitative exercises is necessary for forging changes 
in neural plasticity (449) and in this instance, improving balance.   
Persuasive reasons to evaluate the role of technology in rehabilitation exist.  
Issues of access, resources, and costs have the potential to be delineated in 
research.  In high income countries, the use of technology to deliver intervention 
programmes can be cost effective and easily accessed by individuals in their own 
homes (479, 480), an important consideration with older people who may have difficulty  
accessing formal services.  Numerous questions arise when such programmes are 
introduced in LMIC, some of which the present study hoped to address.  Although 
Africa and South Africa trail behind other regions towards progress for technological 
innovations to be made available to all, the wide (90%) access of the population to 
mobile telephones, a similar figure to the USA (481), holds promise as a delivery 
method for health information.  Overall, using technology as a tool for rehabilitation 
has potential to change the face of health care, as acceptance of tele-health 
continues (482-484).   
Research on the Wii Fit for Balance Rehabilitation and Fall Prevention  
Introduction to the Wii Fit and Balance Board. 
The Nintendo Wii Fit (2006) was one of the earliest videogame consoles, 
which used the motion of the player’s body to drive the game (441).  The Balance 
Board™, a force plate which measures the centre of pressure of the body, was 
added a year later (441).  The WBB was the first commercially available gaming 
system to use a built-in sensor in its balance board, which gives real-time feedback 
to the player by detecting his/her weight-shifting (485).  The WBB system is connected 




to a television, and the user stands on the balance board while holding a wireless 
remote control (486).  A 3-dimensional accelerometer responds to changes generated 
by the player’s direction, speed, and acceleration of movements (485).  WBB activities 
and games are designed to enhance balance, promote adaptation of visual inputs, 
strength, and aerobic function (486, 487).  Players use unanticipated movements to play 
the games (487, 488).  Games include yoga, balance activities, and aerobic and 
strength programmes, which have progressive levels of difficulty (489).  Scores for 
each game are given on completion of the activities, so users can evaluate their 
progress (489).  An avatar gives the player further auditory and visual feedback and 
encouragement (480).  The system was introduced in the United States in 2008 and 
proved popular, selling over five million units within the first nine months (490).  The 
WBB has been favoured by rehabilitation professionals and is thought to be 
widespread in implementing therapy for diverse patient populations (491-493).   
The manufacturers of the WBB marketed the system as a tool to improve 
fitness, and there is some evidence to support this.  Fitness video games have been 
shown to result in energy expenditure similar to a moderate intensity PA (229, 494), and 
thus, can be effective in promoting physical health (495).  Importantly for older adults, 
exergames could prompt sedentary individuals to commence more PA as part of an 
active lifestyle (496).   
While the moderate energy expenditure measured during active videogames 
is recommended for older adults (229), certain challenges remain when using 
exergames as a fitness intervention in this population.  These include: 
• Historically, manufacturers have not targeted older adults as audiences 
for videogames (448), so some features could be unsuitable.  Games do 




not necessarily consider the diversity of older adults’ physical and 
functional capabilities or diseases (497).   
• High-intensity games tend to require more videogaming skills (496).  
Older adults who are not computer-literate may experience difficulty 
playing exergames (498).  Recent research into older adults’ gaming 
experiences, preferences and design recommendations has been 
conducted (499).  It is likely that such research interest has been 
motivated by older adults’ acceptance of gaming.   
• Commercial games have not been created for rehabilitation purposes 
(448) and thus, benefit may be less than customised therapy provided by 
a rehabilitation professional.   
Despite these concerns, the low cost, ability of exergames to increase PA in 
older adults (500) and ease of access, warrants thorough interrogation into benefits.  
The following section considers how exergames foster improvements in balance 
capabilities, prior to reviewing the evidence for the use of the WBB to improve 
balance and postural control.   
Balance theory, Conventional Vestibular Rehabilitation and the Potential for 
Exergames to be an Effective Intervention for Balance Deficits 
Introduction. 
This section introduces conventional vestibular rehabilitation therapy (VRT) 
and the core physiological processes contributing to patient improvement.  It is likely 
that programmes using the WBB incorporate similar processes, but not exclusively.  
Theoretical hypotheses which could be responsible for improvements in balance due 
to the WBB are outlined.  Literature has not cohesively described such constructs, 




nor have they been presented with reference to VRT principles.  Doing so may 
further understanding of the putative mechanisms for exergaming’s success.   
Conventional VRT and fall programmes. 
The objective of rehabilitation is to provide training, which will result in 
functional improvements (140).  VRT24 aims to reduce symptoms of balance deficits 
like dizziness and oscillopsia, improve gaze and postural stability, and reduce the 
risk of falls (501).  The ultimate success of VRT depends on a combination of 
stimulation of motor and sensory systems, cognitive, and psychological process, and 
not exclusively muscle and strength training (502).  Most VRT programmes utilise 
exercises which enhance recovery processes by driving responses to error signals25 
(503).  Key physiological processes underpinning recovery from vestibular and 
balance deficits include adaptation, sensory substitution/reweighting and 
habituation26 (42, 64, 65).  There is a strong body of evidence to support the use of VRT 
as treatment of choice for various vestibular and balance conditions (163, 504, 505).  
Moreover, VRT has been shown to be effective in reducing fall events in older   
adults (506). 
Conventional fall prevention programmes including the OEP specifically target 
balance and gait difficulties, and prescribe exercises to improve both (507).  Many of 
the OEP exercises resemble components of VRT programmes, such as walking 
exercises (e.g., walking and turning, walking backwards and heel-toe) and standing 
exercises (e.g., single leg stance) designed to challenge balance (508).  However, 
OEP and WBB are not synonymous with VRT, rather, they include components 
typical of VRT treatment plans.  The inclusion of the balance and gait exercises in 
 
24 All concepts referred to are defined in the Glossary of Terms. 
25 See Glossary of Terms. 
26 See Glossary of Terms. 




the OEP is fundamental to its success.  The benefit of the walking component is 
controversial.  Sherrington and colleagues’ (383) meta-analysis suggested that 
walking programmes increased fall events.  As previously noted, the populations in 
the reviewed trials included groups particularly vulnerable to falls.  Research from 
Japan challenged Sherrington and colleagues’ (225) findings by suggesting that 
walking reduced falls, but increased the rate of trips, when compared with a balance 
programme alone (509).  The participants’ balance programme incorporated exercises 
from the OEP and Tai Chi (509).  Stringent selection criteria made the study less 
generalisable.  Although not specifically commented upon, Okubo and colleagues’ 
(368) participants appeared to have body mass indices (average 22.7) within a healthy 
weight range (510).  This demographic is likely different to the global North and some 
emerging nations including South Africa, which face an obesity epidemic (511, 512).  
Moreover, obesity is associated with reduced likelihood of participating in fall 
prevention exercises (513), and thus, adherence may be different in the Japanese 
cohort.   
Theoretical constructs supporting the use of exergaming. 
Similar to the discussion of the OEP in previous Chapters, the precise 
mechanism behind the WBB improving fitness, psychological wellness and fall risk is 
mostly unknown (514).  As noted, the light (515) to moderate (477) energy expenditure 
playing exergames is unlikely to reduce falls by a simple improvement in fitness 
alone.  One way to evaluate exercise-related energy expenditure is to use a rating 
scale, such as the Borg Ratings of Perceived Exertion (RPE) (516).  Individuals rate 
how hard exercise is on a 16 point linear scale (517).  The selected level is then 
multiplied by a factor of ten to give an approximate heart rate (517).  The Borg RPE 
has been shown to be a valid tool for use with WBB exercise programmes (518).  




Taylor et al., (514) examined participants’ physiological effort using WBB contrasted 
with conventional physiotherapy-based fall prevention exercises.  Energy 
expenditure for the WBB programme was approximately one third less than that 
required for VRT (514).  Interestingly, RPE has been shown to be reduced compared 
with physiological findings (e.g., heart rate) when playing WBB, putatively linked to 
the visual and auditory distractions involved in the interactive process (518), which 
may have partially accounted for Taylor et al.’s (373) findings.   
Central, brain, and psychological processes could contribute to 
improvements.  Exergames may promote learning, in terms of neuroplastic 
adaptation (519), discussed further in Table 4, as well as training, that is, 
musculoskeletal adaptations (378).  Some exergames resemble exercises 
incorporated in balance training and Tai Chi, both of which have been proven to 
reduce the risk of falling (479, 520).  WBB stepping, weight-shifting, Tai Chi-, and yoga-
like poses extend the players’ centre of pressure and mass and could well be a 
mechanism behind balance improvements.  Furthermore, rapid head movements 
and changes of fixation to maintain steady visual fields when playing might enhance 
gaze stability in similar way to conventional VRT.  Gains made with exergames might 
be transferable to real-life movements (521).  Reviewing of established VRT principles 
and proposing translations into WBB interventions is expanded upon further in Table 
4. 
 
Table 4.  Hypotheses underpinning therapeutic strategies* to improve balance using conventional VRT and exergaming programmes. 
















































*note habituation is not discussed in this Table.  The goal of habituation is to extinguish responses to noxious stimuli through repeated exposure ‘do not 
respond’; rather than the processes above, which are assisting the CNS to ‘respond differently’ (42). 
**it is acknowledged that due to new evidence, the concepts of adaptation and sensory substitution are now referred to in a more global sense as gaze 
stability (522). 
Legend: ADL: activities of daily living; PA: physical activity; VRT: vestibular rehabilitation therapy. 




The preceding section explored concepts underpinning the success of 
conventional VRT and hypothesised regarding possible transference to exergaming 
programmes.  However, it is apparent that there may be more contributions to the 
success of exergaming in balance rehabilitation than simply improving physiological 
function, for example, vestibular gain.  The following section explores the theory of 
flow and other responses which are possibly unique to the interactive exergame 
paradigm.   
Psychological Contributions to the Efficacy of Exergames 
Sinclair, Hingston, and Masek (523) were one of the first groups to discuss the 
theory of flow with reference to exergames.  They defined flow as the “state of total 
engagement’ in an activity.  It is the equivalent to what is called ‘being in the zone’ in 
the sporting world” (523 p.292).  The experience of flow is underpinned by nine key 
concepts: 
• A balance between perceived skills and challenge. 
• Merging of action and awareness.   
• Clear and attainable goals (pertinent to the player’s skill and ability). 
• Feedback regarding the activity is clear, to prompt an adjustment in play. 
• High levels of concentration and focus is narrow (on the game). 
• Control over the activity (player is ‘in charge’ of activity). 
• Loss of self-consciousness or self-doubts, due to being absorbed in the task. 
• Experience of time is altered. 
• Activity is inherently rewarding (and thus the likelihood of playing for its own 
sake is increased) (523). 
 




Thus, for exergames to be successful, acquiring a sense of flow during play 
will ensure better adherence and tolerance of stimulation (524) in a way that 
conventional therapy may not.  In addition, an attractiveness-effectiveness balance, 
in which the game needs to intrigue to enhance the chances of play (attractiveness) 
and be an effective form of exercise in keeping with exercise recommendations, 
should be achieved (525).  Flow theory was furthered by Sweetser and co-workers 
and applied specifically to videogaming (526).  Their eight elements share many 
similarities with Sinclair et al., (523) but add concepts of immersion (deep 
engagement) and social interaction (526).  The resulting GameFlow theory was based 
on literature reviews concerning usability and user-experience and has been cited 
extensively in the research (424).  Indeed, GameFlow theory has been examined in 
the context of WBB.  It is noted that GameFlow is not directly measurable nor 
validated (424); although measures of flow exist, such as the Activity Flow State Scale 
used by Marston, Kroll, Fink, and Gschwind (527) .  Questions regarding users’ 
experience of flow and self-efficacy were included in a study comparing balance-
related physical and psychological outcomes between WBB and conventional 
exercise (528).  Somewhat surprisingly, Kliem and Wiemeyer’s (528) study suggested 
no change in self-efficacy levels, nor differences in flow between traditional and WBB 
exercises, leading them to question older adults’ motivation to play digital games.   
GameFlow theory adds the construct of social interaction to flow theory, but 
the proponents of GameFlow expressed reservations regarding its inclusion (526).  It 
is possible that social interaction playing with others may promote a feeling of 
competitiveness and thus, improve goal-setting and intention to play (524).  The 
quantitative component of this research touches on user experience of the WBB, 
while the qualitative aspect probes both experience and social ramifications.  




Sweetser and colleagues (526) noted that not all eight criteria of GameFlow need to 
apply to every game and player, nor must all the prerequisites be met to enjoy a 
game.  Furthermore, as noted above, exergames are influenced by the 
attractiveness of the game, which is dependent on the player’s reflexes and physical 
capacity (effectiveness) (523).  Thus, a tension exists in finding an appropriate 
attractiveness-effectiveness balance, which might be particularly relevant in older 
adults.   
Part Two 
Evidence Supporting the Use of Exergames to Improve Balance and Prevent 
falls 
Copious literature exists on the role of exergames in improving balance in 
older adults (473).  Several SR are discussed in this section, with a specific focus on 
WBB.  However, the methodological issues which challenge many of the results 
should be noted.  In general, studies employed small sample sizes, were pilot 
studies or lacked a control group or statistical power (493).  Interestingly, almost all 
intervention programmes failed to deliver the recommended exercise dosage 
suggested by Howe and colleagues’ review (377).  This research planned to address 
many of these issues, as will be described in the Chapter VI.  Methodology Chapter.   




Older Adults’ Adherence to Exercise-based Fall Prevention Programmes  
 Due to the feasibility design of the present thesis, older adults’ adherence to 
exercise programmes will be discussed briefly.  It should be noted that while some 
individuals may observe recommendations for aerobic exercise, adherence to balance 
and strength training programmes is significantly less (513).  A striking difference in 
adherence to PA recommendations occurs between those under 75 years of age (40 – 
50% do aerobic exercise two or more times per week; while 18 – 20% perform 
strengthening exercises), and those who are older than 75 years of age (where the 
prevalence of people doing aerobic and/or strengthening exercises drops to 11 – 15%) 
(529).  As noted elsewhere, fall risk and injury severity increases with age; thus, when 
combined with the cessation of exercise, a potential public health calamity exists.   
Overall adherence to exercise recommendations is extremely variable (530) and 
resistance to exercise common (531).  Evidence of attrition from population-based 
exercise programmes is patchy, and confounded by small sample sizes and short 
programme durations (532).   Total attrition is thought to be between 20 – 50% within 
three to six months of commencement of an exercise regimen (458).  Specifically, 
participation in fall prevention exercise programmes is low (533).  Relevant to the present 
thesis, evidence suggested that individuals with previous falls are reluctant to challenge 
balance in exercise (513).  However, no clear association is apparent regarding 
adherence to programmes and intervention efficacy in terms of fall prevention (372).   
Methods of reporting adherence in cohort and RCT studies include calculating 
the proportion of participants completing the exercise programme, number of available 
sessions attended, number of home sessions completed per week, and the number of 




weeks in which the programme was undertaken (534).  Overall, study retention and 
adherence rates are sub-optimal (460).  Picorelli, Pereira, Pereira, Felício, and 
Sherrington’s (534) SR highlighted that adherence was best during supervised phases of 
exercise programmes; and retention rates were most successful for populations with 
higher socio-economic status and education.  In addition, better overall health and 
physical function, and lower body mass index were conducive to higher adherence (460).  
Factors impacting poorer adherence included the use of psychotropic medication, 
depression, and a higher perceived risk of falling (529).  Furthermore, participant 
adherence is influenced by perceptions that the intervention in a trial will be effective 
(termed outcome expectancy) and that the participant is able to follow what is expected 
(efficacy expectancy) (534).  Self-efficacy is thought to relate to motivation and can affect 
adherence (460).   
Features of exercise programmes aimed at reducing falls appear to contribute to 
adherence (533).  For example, home-based programmes are vulnerable to the 
idiosyncratic factors mentioned above, alongside concerns regarding costs of the 
interventions (530).  Moderate levels of home visit support, along with supervision of a 
physiotherapist are both positive factors encouraging adherence (533) and were adopted 
in this study.  While such supervision is possible in an RCT, it may not be sustainable at 
population programme levels.  Interestingly, a walking component (present in this 
research) may increase the chances of adherence (459).  Walking is a popular activity 
with older adults, but its contribution to reducing the risk of falls is controversial (513), as 
noted elsewhere.  Specific to exercise programmes using technology, high, and even 
slightly better levels of adherence for exergaming when compared with conventional 




exercise (median 88.6% vs. 83.5% respectively) have been reported (535).  It is likely that 
high levels of supervision, short programme duration (<12 weeks), intensity (most 
commonly prescribed twice per week) and centralised rather than home settings 
contributed to the authors’ (461) findings.  The same group’s (535) SR suggested a median 
attrition rate of 15% (range 0 – 36%) for technology-based interventions and median 
13% (range 0 – 41%) for conventional exercise programmes.   
Turning now to psycho-social factors affecting adherence, important barriers and 
facilitators for adherence have been identified.  Fear of falling can both enable and 
discourage older adults from exercising (536).  For example, loss of independence due to 
an injurious fall is a significant concern for many older adults (537).  Yet, this fear of falling 
may contribute to a lack of confidence when exercising, and anxiety that PA may 
exacerbate the risk of injury (536).  Other predictors of attrition include subjective reports 
of poor memory, psychological distress including anxiety and depressive disorders, loss 
of interest in the intervention offered, and perceptions of a lack of time (532).  Attitude 
would appear to be a potent influential factor.  A positive attitude towards PA influences 
behaviour and ultimately adherence (538).  Self-motivation and self-efficacy skills similarly 
contribute to adherence to home-based exercise programmes, as does the presence of 
social support and previous successful adherence to exercise regimens (530).  There is 
scant research on attitudes towards exergaming interventions (538).  One small study on 
a customised exergaming application demonstrated participants had a positive attitude 
towards the benefits of exergaming (464).  Motivations to play included feeling better, 
improving emotional status, and the enjoyable nature of the intervention (464).   
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CHAPTER VI.  METHODOLOGY 
Introduction 
This chapter presents the mixed methods used in the present research.  
Quantitative feasibility methodology, using a cluster RCT design, was combined with 
qualitative methodology.  A phenomenology paradigm was used to explore 
participants’ lived experience of the interventions and adherence, facilitators, and 
barriers to participation.  Within this qualitative tradition, focus group and content 
analysis design were adopted.  The use of mixed methods, as presented in Figure 
10, permitted a wider perspective (539) and added depth and breadth to the study (540). 
Methodology is explored further in this introduction prior to detailed description. 
 Figure 10. Schema of design and methodology. 
An RCT (including feasibility RCT) is a quantitative approach with an 
experimental design, control and manipulation of variables, and use of objective 
endpoints (540).  Frequently, a positivist or post-positivist framework (540)  is employed 
to drive question formation, data collection, and interpretation (541).  Positivist 
positions in RCTs have been criticised for failing to consider context (542); thus, the 
adoption of mixed methods in this thesis.  




Pathways from Phase I ‘first in human’ to large Phase IV trials are clear 
forpharmacological products, but less so for complex interventions (543).  Phase II 
designs may evaluate therapeutic endpoints against baseline measures, and 
precede broader application in Phase III therapeutic confirmatory trials (544).  Phase II 
trials feature in the Medical Research Council’s (MRC) framework for developing and 
evaluating complex interventions (545).  The first stage develops the intervention for 
evaluation and implementation (545).  As discussed in Chapter I.  Fall Risk Factors in Older 
Adulthood, the OEP is an established, evidence-based intervention successful in 
some countries, but with mixed and poor trial results in emerging regions.  
Theoretical underpinnings for how WBB could work to improve balance were 
described using a vestibular rehabilitation lens.  Studies using the WBB have been 
plagued with methodological issues.  Few studies have compared the two 
interventions; thus, equipoise is present.  This, combined with a lack of clear 
recommendations for shaping future research in the Global North, makes a feasibility 
study in the South an appropriate endeavour.   
RCTs strive for high internal validity; however, the cost may be compromised 
external validity, i.e., generalisability to real world settings (546).  Qualitative 
methodologies are neither replicable nor generalisable (547), but may provide context 
(548) not apparent from statistical analysis.  In clinical research, qualitative inquiry may 
explore the acceptability and feasibility of interventions (549).  The use of qualitative 
methodology in feasibility studies is steadily increasing, particularly when 
interventions and settings are complex (550).  Exploring participants’ experiences 
represents an important shift from paternalistic medical models to more person-
centred care (551).   




Historically, public health interventions have been implemented with a top-
down approach, with the exclusion of end-users (552).  Considering that health is 
more than an absence of disease, self-management of chronic conditions is 
increasingly important with population ageing (553).  Equitable and collaborative 
models between healthcare professionals and patients are well-suited to facilitating 
coping with the social, physical, and emotional aspects of chronic care (551). Thus, 
successful interventions such as fall prevention strategies must be responsive (554), 
and are more likely to be effective and promote adherence if end-users’ views are 
solicited (552).   
Phenomenology is a qualitative methodology, which explores individuals’ lived  
experiences (547, 555).  Phenomenology embraces systematic, critical and rigorous 
interrogation of data (547).  Potential challenges are that skilled interviewers are 
required for data collection; and that the researcher may have an unintended impact 
on the collected data (547).  A post-positivist stance was adopted for the qualitative 
research component, demonstrated in the steps in data analysis (556). Figure 11. Flow 
chart showing organisation of Chapter VI. depicts the organisational flow of the Chapter. 






















Aim of the Study 
The aim of the study was to examine the feasibility of conducting a future 
large-scale cluster RCT to compare the WBB with the OEP on balance and the risk 
of falls in independently-living older adults.  To this end, a Phase II feasibility cluster 
RCT (557) assessed feasibility issues including recruitment, retention, sample size 
calculations for an appropriately powered RCT, safety and participant adherence.  
The construct of falls and their prevention, and participants’ experience of the 
interventions, including facilitators and barriers, was the focus for qualitative 
exploration.  
Objectives. 
 The objectives for the feasibility RCT, as informed by Bowen et al., Bugge et 




Table 5.  Aims and objectives of the study. 
Objectives Questions related to objectives Indicators/Endpoints indicating feasibility 




To describe issues 
concerning 
recruitment of sites 
and participants. 
 
Was recruitment of sites successful? Were managers of sites 
receptive to the research question?  Were specific procedures 
(such as internal review) required to obtain site permission?  
• Did participants meet the desired fall risk profile? 
• What issues impacted enrolment of   individual 
participants? 
• Were participant selection criteria appropriate? 
• Description of site recruitment processes and suitability of 
sites. 
• Participant description.  
• Number needed to screen. 
• Additional inclusion or exclusion criteria. 
 
Objective 2 
To describe potential 
issues and 
sources of bias 
related to a future 
cluster design for 
randomisation of 
interventions. 
• Did the design permit sample size calculations for a large 
future RCT? 
• Could sources of potential bias be detected using a 
cluster-randomisation design? 
• Were blinding procedures appropriate? 
• What were the safety issues pertaining to participation? 
• Sample size calculation. 
• Presence/absence of possible selection bias. 
• Instances of unblinding and how these were managed. 
• Type, severity and nature of adverse events during the 
study. 
• Proposed changes for a future RCT. 
Objective 3 
To evaluate 
adherence to the 
interventions. 
• Did the participants adhere to best practice guidelines for 
exercises? 
• Was retention successful? 
• Mean dose, levels of adherence. 
• Factors impacting adherence. 
• Attrition from study. 
 
 





Table 5 continued. 
Objectives Questions related to objectives Indicators/Endpoints indicating feasibility 
Aim 1: To evaluate feasibility issues pertaining to the design of a future fully powered cluster RCT cont. 
Objective 4 
To describe the costs 
associated with the 
feasibility study and to 
project these to a 
future fully-powered 
RCT. 
• Was it possible to calculate the costs of the intervention, 
and the costs of a future fully powered trial? 
• Costs analysis and projections. 
Objective 5 
To describe utility of 
the physical outcome 
measures and 
suitability for a future 
RCT. 
• Which of the selected outcome measures were the most 
appropriate in this population? 
• What were the training requirements for research staff?  
Were permissions to use the intervention programmes 
easily granted?  
• Identification of outcome measures capable of showing 
responsiveness.   
• Identification of floor and ceiling effects in tests.  
Identification of tests which were challenging for 
participants. 
• Are the training requirements reasonable in a resource-
constrained setting? 
Aim 2: To seek preliminary evidence for the effect of the interventions, which may support a future RCT. 
Objective 6 
To describe fall 
occurrence and 
changes in balance 
and fall risk in the 
participants. 
• What is the rate of falls prior to and during the trial? 
• Can differences in self-assessment scales and physical 
endpoint of balance be demonstrated between WBB and 
OEP groups? 
• Change in fall occurrence. 
• Identification of trends towards change in the outcome 
measures which might be useful to shape a future RCT. 
 





Feasibility cluster RCT. 
Feasibility studies entail descriptive assessment (562) of the feasibility of a future 
large, well-funded RCT (543).  Practicality is a primary concern (562).  The piloting and 
feasibility stage of research explores if an intervention can be delivered as envisaged 
(562); and if assumptions regarding effect sizes, rates of recruitment and retention are 
safe and suitable for any subsequent study (545).  
Controversy exists concerning the use of feasibility trials to evaluate intervention 
efficacy (545).  Feasibility studies characteristically have small sample sizes and lack 
power, demanding caution when interpreting statistical results (562).  Despite these 
caveats, the value of the WBB intervention in its current form and its potential 
adoption in a large-scale RCT require exploration.  Thus, short-term physiological 
outcomes were selected with a hope to detect within- and between-group 
differences.  
Rationale for cluster randomisation. 
Retirement facilities, rather than individuals, were randomised in clusters.  
Members of the cluster were individual residents at the facility.  Each cluster was 
randomly allocated to one of the two intervention arms.  Advantages of a cluster 
design include:  
• Less threat of treatment contamination compared with randomisation of 
individual participants within the same residential setting (563).  
However, a significant threat for unblinding of outcome assessors 
exists should the intervention allocation of the cluster be revealed (564). 




•  Economic, increased efficiency and possible improved adherence 
advantages (563).  WBB was placed at two sites rather than four, 
reducing operational costs.    
Participants 
Site selection criteria. 
Selection criteria were: 
• Location in the Southern suburbs of Cape Town, Western Cape, to minimise 
commuting time for visits to sites; 
• Minimum of 40 – 60 residents living in independent accommodation, to 
maximise the concentration of potential participants in one location.  The aim 
was to recruit 15 participants per cluster; 
• Space for WBB equipment; 
• Stable electricity supply (e.g. primary source to be formal electricity rather 
than generator/battery); and 
• Email/telephone access to arrange appointments. 
On-site medical facilities or nursing/rehabilitation staff were not required.  
Managers of the facilities provided information regarding the sites and their 
residents (Aim 1, objective 1) and thus, were regarded as participants and 
consented for ethical purposes. Knowledge of which residents were enrolled for 
the trial was not necessary, but should participants be uncontactable (e.g., if a 
participant died or moved) the manager was approached (See Appendix C 
Documents Pertaining to Site Recruitment for the documents completed with/by the 
site managers, including informed consent documents).   




Sampling and randomisation of clusters. 
Clusters were matched as closely as possible in terms of services, for 
example, existing exercise classes on site.  Thus, purposive sampling was 
appropriate.  Simple randomisation was employed after sites and individual 
participants had been recruited.  An individual unrelated to the study’s conduct drew 
a slip (WBB or OEP) from an envelope.  Sites were designated A – D.  The first slip 
pulled was allocated to Site A, the second to site B etc.  Sites A and D were 
assigned OEP and Sites B and C were assigned WBB.  Intervention allocation was 
revealed by the non-involved individual to the researcher and therapist immediately 
before the interventions commenced and sites informed.  Data capturers and the 
statistician were aware of the study numbers, which were then linked back to sites 
prior to analysis.   
Attempts were made to manage selection bias and allocation concealment.  
However, it was posited that with participants being in clusters, the disadvantages of 
simple randomisation would be somewhat mitigated; and participant attributes such 
as age, fitness, sex, and overall medical and physical condition reasonably well 
distributed (565). 
Selection of individual participants within clusters. 
The study population was older adults with a history of, or risk for falls.  Non-
probability purposive sampling was used (566).  Site requirements for independent 
living limited the variables of frailty and mobility of potential enrolees (567).  Ideal 
participants could not be “too fit or too frail” (568 p.658).  There was no exclusion on the 
grounds of sex27, home language or ethnicity.   
 
27 The researcher acknowledges the debate regarding sex and gender and uses the term ‘sex’ 
referring to biologically-based differences between males and females 569.  Hyde JS, Bigler RS, Joel 
D, Tate CC, van Anders SM. The future of sex and gender in psychology: Five challenges to the 
gender binary. Am Psychol. 2019;74(2):171-93.. 




Inclusion criteria: exercise-based intervention participants. 
The following inclusion criteria applied: 
a) ≥60 years of age. 
b) Defined risk of falls i.e., ≥1 fall in the twelve months prior to enrolment, OR 
indication of fall risk on physical endpoints, OR ≥2 chronic illnesses, OR 
consume ≥3 prescription medications (570), OR have a combination of risk 
factors. 
c) Living independently in selected cluster.  
d) Able to stand and ambulate independently without assistive devices. 
e) Not planning an absence from the trial site of ≥3 continuous weeks within the 
six months of enrolment, to ensure maximum possibility of adherence to the 
programme. 
f) Prepared to exercise as prescribed in the intervention programmes for a 
minimum of three and maximum of six months.  
g) Able to log exercise patterns, falls and injuries, plus any associated costs, for 
a period of six months. 
h) Able to complete the physical endpoints and self-assessment questionnaires 
(see Table 6 at enrolment, three and six months). 
i) Able to follow verbal and written instructions in any one of the three of the 
official languages of the Western Cape28.  Grade 10 literacy was required so 
the programmes and logs could be managed by participants.   
j) Contactable by telephone or electronic means for reminders and follow up. 
 
28 All participants proved to be fluent in English. The researcher, physiotherapist and research 
assistant are bilingual; and interpreters for isiXhosa would have been arranged if necessary. 




Inclusion criteria: costs only participants. 
Participants willing to log their falls, fall severity and related expenses only 
(i.e., not interested in the exercise-based interventions) were included in a non-
intervention group (referred to as the ‘costs’ group) with the same assessments as 
for the intervention groups.  The above inclusion criteria applied, except for item f.    
Exclusion criteria. 
Aim 1, objective 1 sought to refine eligibility criteria.  Thus, exclusions were 
minimised to enhance generalisability (571); rather, the focus was on cognitive and 
physical capacity of potential participants.  Table 6 outlines the exclusion criteria and 
rationale.   




Table 6.  Participant exclusion criteria, method of detection and rationale for exclusion. 
Exclusion criterion Evaluation 
method 
Rationale 
Individuals vulnerable to potential harm:   
Cardiac pacemaker. History. WBB safety guidelines. 
Epilepsy. History. WBB safety guidelines. 
Waist circumference that precludes use of a gait belt. Test. Gait belt necessary for safety of the participant during assessments. 
Active intervention is likely to be ineffective:  
(Individual has a disorder that makes him/her unsuitable or unlikely to respond to intervention; or is receiving treatment that is likely to interfere with 
the interventions) 
Orthopaedic (e.g. knee, hip or shoulder) surgery including 




Changes to proprioceptive cues, reduced mobility, possible de-
conditioning, negative anatomical, physiological and psychological impact 
of hospitalisation (572).  Likely to be receiving active rehabilitation/ 
physiotherapeutic interventions. 




Will be receiving additional intervention, resulting in difficulty isolating the 
effects of the interventions. 
Reduced likelihood to adhere to the interventions: 
Decreased cognitive function, defined as score of ≤2 on 
the Mini-Cog (573). 
Test. 
 
Need to be able to follow three step commands and to engage with 
interventions.  Issues of autonomy regarding ethics. 
Possible depression established by a score of ≥5 on the 
Geriatric Depression Scale short-form version (574). 
Test. 
 
Depression adversely affects exercise adherence recommendations (575). 
Practical problems with participation in study: 
Mass >150kg. Test. Maximum load for WBB (576). 
Severely restricted/absent upper limb mobility in dominant 
arm or hand. 
History. 
 
Need to be able to control WBB console. 
 
Severely reduced visual acuity not correctable with 
spectacles or contact lenses. 
History. 
Need to fixate on target for stability exercises and to complete exercise log, 
self-assessment scales and read instructions. 
Severely reduced auditory acuity so that conversational 
speech is inaudible even with assistive devices. 
History. Need to hear auditory feedback for both interventions. 
 
 





Sample size estimations are usually informed by the expected benefits, risks 
and cost of the study; however, these are unknown in feasibility studies (577).  An 
audit of pilot and feasibility trials registered in the UK Clinical Research Network 
database found an average of 36 participants per arm in feasibility trials (577).  The 
audit was not confined to older adults, nor studies using cluster randomisation (577).  
Considering the “captive audience” and likely stability of residence of participants in 
the sites, a sample size of 30 (approximately 15 per site) individuals per arm was 
targeted.  
Recruitment and Enrolment 
Recruitment of clusters. 
Study information was sent to prospective sites.  Sites were administered by    
stakeholder organisations, e.g., Cape Peninsula Organisation for the Aged (CPOA) 
and Evergreens, which offer a range of public/subsidised/private accommodation for 
older adults.  Meetings with managers were scheduled to discuss consent, site 
facilities and logistic issues prior to negotiating community entry (see Appendix C 
Documents Pertaining to Site Recruitment for concept protocol documents and checklists).   
Recruitment of individual participants. 
Informational sessions introducing the study to possible participants at 
recruited sites were scheduled.  All residents were invited to attend; and the event 
publicised by posters placed in communal areas at each site (see Appendix C 
Documents Pertaining to Site Recruitment).  Trial recruitment and retention of older adults 
presents challenges ranging from community entry, to the sensitive nature of the 
study in terms of attitudes to falls (see Appendix C Documents Pertaining to Site 
Recruitment).  After the presentation, refreshments were offered, and questions 




welcomed.  Potential participants completed a slip with their contact details and 
deposited it a box at the back of the room (see Appendix C Documents Pertaining to Site 
Recruitment).  Thereafter, appointments were made with potential participants for 
informed consent procedures (see Appendix D Informed Consent Documents for Individual 
Participants), followed by eligibility screening.  
Equipment, Materials and Instruments 
 Equipment and materials. 
• Endpoint equipment: Mini-BESTest: all materials complied with test 
specifications and included a box29, foam balance pad, stop watch and an 
ankle incline board (see Appendix E MiniBESTest Balance Evaluation Systems Test).  
DGI: brightly coloured masking tape for marking distance, traffic cones, 
measuring rule, and a shoe box (see Appendix F Dynamic Gait Index).  A gait belt 
was used to ensure participant safety.    
• OEP equipment: weighted ankle cuffs. 
• WBB equipment: television; batteries, console, balance board, remote control, 
and diary for booking sessions. 
• Informed consent and information sheet documents (See Appendix D Informed 
Consent Documents for Individual Participants).  
• Participant pack for recording endpoints (See Appendix G Monitoring Logs). 
• Site induction pack for site evaluation (See Appendix C Documents Pertaining to 
Site Recruitment). 
• Exercise logs, programme instructions for participants (See Appendix G 
Monitoring Logs). 
 
29 A piece of paper with the instructions “Step over box” in large font was pasted to the box. 




• Consumables: clipboards, pens, tissues, hand disinfectant. 
Instruments. 
Pre-trial entry. 
 Self-assessment scales (SAS). 
Mini-Cog™ (578) (see Appendix H Cognitive screening and Mini-Cog).  The Mini-Cog was 
described as an effective screening tool for cognitive decline in older adults in 
various settings (579); although later systematic review (SR) demonstrated insufficient 
evidence to recommend its use as a screen for dementia in primary care (580).  
Nevertheless, this test was chosen for its brevity, lack of copyright. and relative 
resistance to linguistic and socio-economic factors compared with the Mini-Mental 
State Examination (581).  Three words are memorised, a clock drawing test is used as 
a distractor, and recall of the words checked (582).  Scores range between 0 – 5 (best 
score) (583).  The Mini-Cog’s primary purpose was to safeguard potentially vulnerable 
individuals from exploitation by enrolling them in a trial, should there have been a 
suggestion their autonomy was impaired. 
Geriatric Depression Scale (584) (see Appendix I Geriatric Depression Scale (short form)). 
The short form (GDS-SF) questions experiences of depression in the last week (585), 
and has been validated across different settings and populations (586).  A cut-off 
score of 5/1530 was used to alert for the presence of possible depression (587). 
Case History Questionnaire (see Appendix J Case History).  Demographic, medical 
and falls data were captured on a customised document, which included the 
Functional Comorbidities Index (588).  The Index explores eighteen comorbidities with 
physical function rather than mortality as an outcome, and correlates well with the 
 
30 Sensitivity and specificity of this cut-off is discussed in the reference provided.  The test was used 
as screen only. 




Short Form 36 physical outcomes (588).  Scoring is simple with 0 representing no 
comorbidities and 18 the highest number of comorbidities (588).  A further section 
questioned symptoms of dizziness, imbalance, and vertigo (196).  
Euro-QoL EQ-5D-3L health related quality of life questionnaire (589) (see Appendix 
K Euro-QoL EQ-5D-3L Health Questionnaire English version for South Africa).  The EQ-5D-3L 
assesses physical, mental and social functions over three possible levels of 
responses, which range from no problem (with performing a task such as dressing, 
or experiencing a symptom such as pain), to some or extreme problems (590).  It is 
used frequently as a generic questionnaire to inform economic evaluations (591).   
Self-efficacy for exercise scale (SEE) (592) (see Appendix L Self-efficacy for Exercise 
Scale (592)).  Assessment of patients’ self-efficacy is not routine for clinicians who 
prescribe home exercise programmes, despite the possible links between self-
efficacy and adherence (593).  The SEE references theories of behavioural change 
and probes willingness to exercise (592).  Individuals estimate their confidence, 
ranging from not at all confident (0) to very confident (10), to keep to a specified 
exercise dose (three times per week for twenty minutes) (592).  Mean score for older 
adults is 5.5 (SD 3) out of a possible 0-10 (592). 
Physical Activity Scale for the Elderly (PASE) (see Appendix M Physical Activity Scale 
for the Elderly (PASE)).  The PASE (594) was the first valid and reliable questionnaire 
aimed at assessing physical activity (PA) in older adults (595).  The questionnaire is 
commonly used in epidemiological studies and assesses short-term (preceding 
week) PA across home (including housework), occupational and recreational 
domains (596).  Scores from 12 questions are assigned in hours/week then multiplied 
by a PASE weighting, which is summed for all activities (596).  Higher scores signal 
higher levels of PA (597).   




The EQ-5D-3L, SEE and PASE were conducted at base-line, three, and six 
months.  Upon follow-up, the following were conducted: 
Systems Usability Scale (SUS) (see Appendix N Systems Usability Scale) for WBB 
participants.  The SUS (598) is a commonly used questionnaire to assess the usability 
of products or services (599, 600).  Participants use a five-point Likert scale to rate ten 
statements regarding the experience of using technology, and scores range from 0-
100, with higher scores representing better usability (599).  The SUS was slightly 
modified by changing the wording from ‘the product’ to either WBB or exergaming.  
The SUS is resistant to minor changes in wording, and has excellent reliability and 
validity (600). 
Borg Rating of Perceived Exertion Scale (RPE) (see Appendix O Borg Rating of 
Perceived Exertion Scale) (601).  The Borg RPE evaluates perceptions of the difficulty 
experienced during PA (602).  The higher the overall score on the Borg RPE (scored 
by numerical values and descriptors), the greater effort and exertion is perceived 
(602).  The Borg RPE has fair criterion and construct validity in older adults (603).  In the 
present thesis, the scale assisted understanding of participants’ experience of the 
interventions.  
 Physical endpoints. 
Mini Balance Evaluation Systems Test (Mini-BESTest©) (604) (see Appendix E 
MiniBESTest Balance Evaluation Systems Test).  The Mini-BESTest’s primary focus is 
dynamic balance and gait, including anticipatory and reactive postural control, 
making it applicable to daily living (605).  The Mini-BESTest has been included in a 
core set of outcome measures for balance (606)  and is widely used.  Scores range 
from 0-28 with higher scores indicating better balance (604).  The Mini-BESTest’s 
sensitivity improves with each decade in life and new cut-off data have been 




published for older adults (607).  A score of ≤25 was used to indicate fall risk (608).  The 
Mini-BESTest has good to excellent psychometric properties (608).  
Timed up and go (TUG) (609) (see Appendix E MiniBESTest Balance Evaluation Systems 
Test).  TUG simple and cognitive is embedded in the Mini-BESTest.  Cut-off points for 
TUG vary (2) and the utility of cut-offs is explored in the Results.   
Five times sit to stand test (FTSST) (610) (see Appendix P Five Times Sit to Stand Test).  
The test was conducted with an armless chair as recommended in a recent SR (611).  
Where the chair had arm rests, participants were instructed to fold their arms across 
their chests.  Cut-off between 12s-16s suggest fall risk in the general older adult 
population (610) .   
Dynamic Gait Index (DGI) (612) and preferred walking speed (see Appendix F 
Dynamic Gait Index).  The DGI is a measure of dynamic balance during gait activities, 
used to predict fall risk (613).  Item 1 on the DGI serves as a baseline and examines 
self-paced (preferred) walking on a level surface (614).  Item 1 was timed over 
distance to produce preferred walking speed in m/s and analysed independently 
from the DGI.  Ordinal scores are awarded using descriptors ranging from 0 (severe 
impairment) to 3 which is normal; a maximum of 24 is the best possible result (614).  
Scores of ≤19 suggest fall risk and are used to monitor progress in therapy (3).   
Frailty and Injuries: Cooperative Studies of Intervention Techniques (FICSIT-4) 
(615) (see Appendix Q Frailty and Injuries: Cooperative Studies of Intervention Technique (FICSIT-
4)).  The FICSIT-4 is a combination of commonly used tests of static balance, 
comprising standard, semi-tandem, and full tandem (sharpened) Romberg positions, 
with eyes open and closed31, and Single Leg Stance (SLS).  The test was adapted 
by asking participants to attempt to maintain each Romberg position for 30s and SLS 
 
31 See Glossary of Terms. 




for 20s (embedded in the Mini-BESTest).  The Jendrassik manoeuvre (616) was used 
to enhance the Romberg positions.    
Research Procedures  
Ethical clearance, trial registration, and permissions. 
Permission to use the OEP and the WBB programme was granted by their 
developers (see Appendix A.2 Permission to use Otago Exercise Programme.).  Permission 
for the research was granted from the University of Cape Town (UCT) Faculty of 
Health Sciences Human Research Ethics Committee (Reference HREC: 818/2015; 
renewal and qualitative protocol approval, 2017/2018).  No-fault insurance was 
arranged with UCT.  In keeping with the statutory requirements, the researcher 
completed a Good Clinical Practice qualification in 2015; renewed in 2018.  Trial 
registration with the Pan African Clinical Trial Registry (PACTR201603001513802) 
and the South African Trial Registry (NHREC 4431 DOH-27-0916-5431) was 
completed and maintained.  All trial documents referenced in this paragraph may be 
found in Appendix R Ethical Clearance and Trial Registration Documents. 
Induction of participant into the study. 
Potential participants received all information about the study, had an opportunity 
to ask questions and completed informed consent. Figure 12 shows assessments 
and where exclusion criteria were applied. 






 Figure 12. Decision tree for participant enrolment. 





Baseline questionnaires and physical endpoints were administered.  These are 
described in Equipment, Materials and Instruments and the Appendices.  Tests were 
administered precisely as described.  Any modifications are noted.   
Eligible OEP and WBB participants receive interventions. 
OEP participants received the programme as per Appendix A Exercise 
intervention programmes (OEP and WBB).  Participants were required to complete 20-
minute exercise periods at least three times per week, along with two walks of 
approximately 30 minutes per week, with an aimed overall target of two hours per 
week.  Warm-up and cool down exercises were incorporated to ensure safety.  
Exercises were progressed by increasing the number of repetitions and complexity 
of the tasks.  Participants received home visits and instruction in the OEP in weeks 
one (one hour), two, four, and eight (30 minutes each) and then at six months.  
Phone call follow ups were scheduled for months three, four, and five to enhance 
adherence.  Aimed overall exposure was ≥50 hours.  
WBB participants received the intervention outlined in Appendix A Exercise 
intervention programmes (OEP and WBB).  Individual exercise sessions were 20 minutes, 
five times a week and walks commencing at ten minutes, five times per week, 
progressing over six weeks to 30 minutes five times per week.  Assistance was 
provided while the participant mastered the technology and commenced the 
exercises.  Interaction with the therapist and monitoring in terms of visits and phone 
calls was comparable to the OEP group.  As the equipment was shared, it was 
thought that the WBB target may be ambitious, but aimed overall exposure was ≥50 
hours.     




Participants electing to enter the costs arm did not participate in either 
intervention.  They were provided with fall logs.  Follow-up visits, at which the same 
endpoints shown in Table 7 were scheduled, were planned for the end of the six-
month period. 
Repeated measures and monitoring. 
Table 7 shows the frequency of endpoints in the trial.  All participants were asked 
about health events since the last visit, with a focus on the risk factors outlined in the 
Case History Questionnaire and falls.  Logs of exercise and falls, injurious falls, and 
costs were provided (see Appendix G Monitoring Logs). 




Table 7.  Schedule of endpoints. 
 
Legend: Borg RPE: Borg Rating of Perceived Exertion; DGI: Dynamic Gait Index; FICSIT-4: Frailty and Injuries: 
Cooperative Studies of Intervention Techniques; FTSST: Five Times Sit to Stand Test; GDS-SF: Geriatric Depression 
Scale-Short Form; PASE: Physical Activity Scale for the Elderly; SEE: Self Efficacy for Exercise scale; SUS: Systems 

















Cognitive screening Mini-Cog F x     
Depression screening GDS-SF G x     
Case History including 
Functional Comorbidities 
Index 
 H x     
Health-related quality of life Euro-QoL EQ-5D I  x x x  
Attitude to exercise SEE J  x x x  
Physical activity levels PASE K  x x x  
Experience of WBB SUS L    x  
Perceived exertion for 
exercise 
Borg RPE M    x  
Tests of balance  Mini-BESTest N  x x x  
 




 x x x  
 FTSST O  x x x  
 DGI P  x x x  






 x x x  
On-going exercise 
adherence 
Falls, injuries and incurred 
expenses 
Log R     x 




Participants exit trial. 
At the end of the trial, the participant was thanked for his/her participation, and 
invited to share his/her experiences in the focus group.  All managers were thanked 
for permitting access to the sites.  Ongoing support for staff and participants was 
offered after the trial was concluded.   
Reliability and Validity 
 Reliability and validity of endpoints are presented with the description of each 
test used in the study in the Appendices, along with normative data.    
Randomisation, allocation concealment and blinding. 
Randomisation and blinding promote internal validity in RCTs (617).  Flaws in 
randomisation and allocation concealment in clinical trials may inflate treatment 
effects (618).  Armijo-Olivo and colleagues (619) explored these methodological issues 
in a large meta-epidemiological study (44 622 participants) of physiotherapeutic 
RCTs.  Appropriate random sequence generation was found in a minority of studies 
(39.7%), and allocation concealment was acceptable in only 11.5% of reports (618).  
Combined, even fewer (8.9%) trials had both adequate sequence generation and 
allocation concealment procedures (618).  Failure to adequately conceal treatment 
allocation tended to produce an over-estimate of treatment effects, but this was not 
statistically significant (618).  
Blinding is an attempt to reduce bias (619), especially placebo and 
measurement biases (617) and increase the generalisability of the findings (620).  
Blinding can be difficult to implement and maintain, particularly in trials that examine 
non-pharmacological interventions (381).  A meta-analysis (MA) of physiotherapeutic 
trials demonstrated that only 20% of trials were adequately blinded (621).   




The investigator and physiotherapist were not blinded to site/intervention 
allocation.  In this study, single blinding of the outcome assessor to the participants’ 
intervention and the study hypothesis was attempted (622).  Blinding of outcome 
assessors is often more important than blinding those involved in the administration 
of treatment (458).  Instances of unblinding were managed by asking the assessor to 
complete Appendix S Record of Unmasking of Intervention Allocation Group.  The research 
assistant was not involved in the initial enrolment of participants.  WBB equipment at 
sites was located in a partitioned area so was not visible to her.  At each follow-up, 
the participant was asked not to discuss the intervention and shown a brightly 
coloured piece of paper, left in front of the participant, to remind them.  Even though 
three instances of unblinding occurred, as some participants were costs only, the 
research assistant could not be sure whether the participant had participated in an 
exercise intervention.    
Training for physical endpoints. 
Selecting outcome measures with established reliability and validity attempts 
to minimise bias (620).  Due to the complexity of the balance system and the issues 
with various endpoints already discussed, several tests were selected to find the 
most efficient.  The researcher acknowledges the risk of redundancy.    
Training was given on all tests and scoring (e.g. disagreements analysed and 
discussed) and repeated until a satisfactory level of agreement was found 
(seeChapter VII.  Results).  The researcher used models for the various outcome 
measures (e.g., preferred walking speed; FTSST).  The outcome assessor observed 
the models and scored the tests along with the researcher.  There was no discussion 
prior to the scores being awarded (623).  Reliability checks were embedded 




throughout the study and the researcher was present for every test with each 
participant at all follow-ups. 
Sources of bias and efforts to manage them. 
Table 8 tabulates possible sources of bias and strategies to manage them. 





Table 8.  Sources of bias and strategies to manage them. 
Type of bias Strategies to manage threat 
Participant:  
Adherence Exercise participants received regular follow-up with visits and telephone calls. 
Hawthorne 
effect 
Changes in behaviour linked to a motivational response prompted by the attention 
received during a clinical trial are possible (624).  Care was taken that the encounter 
was similar for all participants.  
Healthy 
volunteer 
It is possible that only potential participants who felt capable of entering an 
exercise-based intervention volunteered.  However, having a physiotherapist lead 








Information was gathered prospectively during the trial.  A daily calendar was 
provided for recording exercise sessions. A separate log for falls was provided.  
Participants were given stickers for the calendar, which had a reminder to 
complete the falls log if necessary.  Participants were reminded to complete the 




Studies examining exercise frequency are prone to bias (623); however, it is likely 
that this was evenly distributed across the sample.     
Small sample 
bias 
Using small samples might result in an imbalance in factors influencing 
participants (565), but small sample sizes are common in  feasibility designs (577). 
Sample bias 
 
Sample bias may result if recruited participants refuse to participate (565).  Efforts to 
manage this were made by placing colourful advertisements that the interventions 
were ready to commence to remind potential participants. Participants received 
personal phone calls rather than text or other electronic reminders. 
Zylen effect 
Both intervention groups received the same contact time with the research team.  
This was an attempt to manage issues regarding the therapeutic alliance. Costs-
only participants may have become resentful or demoralised (Zylen effect) due not 
being involved in an intervention, when others were (625).  However, such 
participants could have opted into the intervention at any time. 
Experimenter  
Outcome assessors were blinded to intervention allocation and incidents of 
unmasking recorded. 
Intervention 
Participants were treated in the same manner irrespective of differences in their 
conditions. 
Attrition 
Exclusion of participants after recruitment may violate intention to treat (ITT) 
principles, leading to selection bias (626). ITT analysis was planned. Several 
participants had the initial outcomes conducted and withdrew before the 
intervention started.    
Selection 
Clusters were identified and recruited before randomisation.  Treatment allocation 
was concealed from the managers providing permission/access until the day the 
trial commenced (627). Participants were recruited before the clusters were 
randomised. 






The therapist received training from several sources.  She is an experienced 
neuro-rehabilitation physiotherapist who has worked extensively with balance-
impaired and older patients.  She is qualified in vestibular rehabilitation therapy.  
Programme delivery was well within her skills-set.  For the OEP, on-line training was 
sourced from https://www.med.unc.edu/aging/cgec/exercise-program.  A manual 
designed to equip physiotherapists with the skills to offer the programme 
(https://www.med.unc.edu/aging/cgec/exercise-program/tools-for-
practice/ImplementationGuideforPT.pdf) underpinned the training.    
  Outcome assessor. 
The outcome assessor was a Master’s degree student studying vestibular 
interventions. 
Participant Safety and Monitoring 
Early stopping may be associated with an overestimation of treatment    
effects (628).  Due to the feasibility design, stopping rules were not applied. 
Adverse events were tracked and reported to the UCT Human Research 
Ethics Committee (HREC) immediately (see Appendix T Reporting of Adverse Events).  
An independent trial steering committee was combined with a data safety 
management board.  These committees were to determine adverse events’ 
relationships to the study; however, the researcher only was informed about falls 
when she enquired at follow-up visits.   





 Guidelines for good practice in the conduct of clinical trials with human 
participants in South Africa (629) require documents relating to a trial to be 
appropriately stored for a period of 15 years.  These Guidelines will be observed.    
A secure database was constructed using REDCap (www.project-redcap.org) 
software via the Clinical Research Centre at UCT.  The researcher cleaned all the 
data prior to entry.  Data capturers were trained and a meeting was held to manage 
any illegible entries to the case report forms, which could have resulted in 
transcription errors (630).  Omission errors were rectified by checking the source 
documents (631).  A random sample of 5% of data entered into the database (from 
source documents) was reviewed and the percentage error rate was calculated as 
follows (631): 
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡𝑠 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 𝑜𝑣𝑒𝑟𝑎𝑙𝑙
  ≡  % 
Error rates <1% are acceptable (630), and retraining would have occurred should this 
not have been achieved.  Data were extracted from the database for statistical 
analysis using IBM® SPSS® Statistics software (Version 25).   
All research staff with access to the database signed confidentiality 
agreements (see Appendix R Ethical Clearance and Trial Registration Documents) and used 
their staff/student numbers and University log-in procedures/passwords to access 
the database.  UCT has appropriate anti-hacking and internet security protocols.  
Data were anonymised prior to entry with the removal of participants’ names and the 
awarding of a study/site number.  Site/intervention allocation was unmasked to the 
data capturers and statistician at this point.   
Upon entering the demographic and medical data into the database an online  
Fall Risk Assessment Tool score calculator (FRAT-up) 




(http://ffrat.farseeingresearch.eu/runAssessment)  was used to obtain a score 
indicating fall risk.  The FRAT-up is a tool in which individual clinical variables are 
entered, along with defined fall risk criteria and a calculation of fall risk is generated 
(632).  The tool is quick and user-friendly.  FRAT-up has been trialled in four large 
European cohorts (633) and MA found sensitivity for falls area under curve (AUC) of 
0.646 (632).  While this figure is not particularly impressive, it is similar to findings for 
TUG and preferred walking speed (632).  The creators suggested the FRAT-up is a 
suitable tool to predict future falls (632).  See Appendix J Case History for a screenshot 
of the FRAT-up calculator. 
Data Analysis 
Aim 1 generated primarily descriptive information and statistics.  All data were 
examined for normalcy of distribution using histograms and Q-Q tests, and either 
parametric or non-parametric statistics selected.  Outliers were identified with box-
and-whisker plots.  Sample size calculations for a future study were computed using 
a presumed effect size of 0.8; assuming two groups of equal size and a 2-tailed 
significance threshold alpha of 0.05.  The impact of a cluster design is explored in 
the Chapter VII.  Results. 
Participant data such as fall events, symptoms, the Functional Comorbidity 
Index and balance endpoints were compared between groups using t-tests, one-way 
ANOVA and chi square.  Exercise exposure was calculated along with SD and 
range, and a box-and-whisker plot demonstrates these data.  Adherence was 
explored using t-tests and in some instances Mann-Whitney U (non-parametric).  
Factors influencing adherence were explored using Fisher’s Exact tests and 
Wilcoxon signed-rank tests for between group differences.      




Aim 2 (preliminary data regarding effect of interventions) ideally required ITT 
and per protocol (PP) analysis (634, 635) but these were not possible due to extremely 
poor adherence and attrition, resulting in too few data for computation.  Correlations 
between exercise regimen and falls were explored using tests such as Pearson’s r. 
Between-groups comparisons for physical endpoints were analysed with t-tests, one-
way ANOVA and chi-square.  SUS data are reported using descriptive statistics and 
histograms.   
Triangulation of results. 
Triangulation of qualitative and quantitative data is increasingly used in RCTs 
and may augment evidence (636) by improving the accuracy and credibility of study of 
a phenomenon, in particular complex questions (637).  Triangulation approaches 
should be pragmatic (638).  When complex interventions are examined, as in this 
thesis, areas of convergence and dissonance are sought (639).  To give an example of 
triangulation in this work, focus group themes and views of interventions were 
contrasted with adherence data.    
Ethical Considerations 
This study was designed observing the Declaration of Helsinki (2013) (640).  
The researcher signed the Singapore Statement on Research Integrity (641) (see 
Appendix R Ethical Clearance and Trial Registration Documents) and was aware of the 
Ottawa Statement for the design and conduct of cluster randomised clinical trials 
(642).  All ethical clearances, trial registration, and permissions were complete prior to 
commencing data collection. 
 Autonomy requires that decisions made by individuals are informed, and this 
necessitates provision of all information regarding a clinical trial (643).  Veracity is the 
obligation to tell the truth (644), and this was upheld in all communications regarding 




the trial.  Older adults may be vulnerable (645) and have issues regarding capacity to 
give informed consent (646).  Details of screening individuals and proxy consent are 
given in Appendix U Capacity of Individuals to Participate in Decision-making; along with 
strategies for enhancement of the informed consent process.  The concepts of 
beneficence and non-maleficence are similarly discussed in context in Appendix U 
Capacity of Individuals to Participate in Decision-making.    
Confidentiality. 
Participants were de-identified by allocating a study number to each 
participant.  The key linking the coded identity of the participant was safeguarded by 
a password-protected file held by the researcher.  All electronic devices and data 
storage were password protected and protected against hacking.  Confidentiality 
agreements (see Appendix R Ethical Clearance and Trial Registration Documents) were 
signed by all staff involved with the research project.  The researcher committed to 
not revealing confidential information to anyone who is not already in possession of 
it; and upheld her legal and ethical duty to observe confidentiality and privacy (647).  
There were no breaches of confidentiality during the study.  Should there have been, 
the UCT Faculty of Health Sciences HREC would have been informed immediately. 
Risks and benefits for participants. 
In South Africa, the risks of research interventions are compared with risks 
routinely encountered in everyday life (561).  As discussed, falls are frequent events 
when older individuals conduct ADL.  Thus, it could not be guaranteed that falls 
would not occur during the trial, but these might be independent of the interventions.  
However, the potential risks of the interventions were evaluated.   




Exercise-based interventions for improving balance in older adults can be 
regarded as safe, and for the OEP, benefits outweigh the risks 32.  There is sparse 
information on the types and frequency of injuries associated with the use of the 
WBB.  Most literature consists of case reports, problems are mild and the prevalence 
of injury low (648).  Exposure was carefully monitored to avoid prolonged repetition of 
actions in games.  In addition, the importance of warm-up exercises, moderation, 
and hydration was emphasised (649).   
At the end of the trial, on-line training in both programmes was offered for staff 
members from each site.  Research personnel remained available for additional 
support.  WBB equipment was donated to the sites.   
Justice. 
Research in vulnerable populations or communities is only justified when it 
responds to the health needs of that community (650).  Falls and ageing are global 
problems, so there is a need to explore fall prevention strategies even in resource-
constrained settings.  The research is cognisant of social justice in that the research 
priorities are of concern to older adults (651).   
Interventions need to be reasonably available to those who need them (650), 
and accessibility was a key motivation for this research.  On-going support after the 
study has ended will ensure that those who have participated in the research 
continue to benefit from it (651).  Outcomes of a future large-scale study may be used 
to lobby for policy change and implementation, ensuring that the benefits will extend 
beyond the study population themselves, to the ageing population in general.   
 Justice demands that the selection of participants is fair, and that both the 
risks and benefits of participation are distributed equally (644).  Participants were 
 
32 See Chapter I.  Fall Risk Factors in Older Adulthood. 




selected as they related to the research question, that is, they were at risk for the 
disorder under investigation (652).  Gender, ethnic origin, socio-economic or linguistic 
background did not influence selection.  Selected participants were  likely to gain 
from the findings of the research (644).   
Competence of researcher and staff. 
The researcher is a clinician/researcher with over 30 years’ experience in 
vestibular and balance assessment and management.  She has directed national 
courses in vestibular assessment and rehabilitation therapy and taught alongside the 
international faculty that these courses have attracted.  Development of this research 
was in conjunction with world authorities in vestibular rehabilitation, balance, and 
falls assessment and management.  The supervisors are highly qualified academics 
(both with a physiotherapy background) with international reputations in clinical trial 
research at prestigious institutions, and healthy ageing/geriatrics, respectively.   
The researcher attended Levels 1 and 2 of the Clinical Investigation 
Certification and Site Management (CLIC) Course (2015) and the required Good 
Clinical Practice certification training (2015; updated 2018).  All research personnel, 
except for the statistician, were qualified and registered healthcare professionals 
bound by oaths and professional codes of conduct.  Technical support was in place 
for the WBB.  An otologist specialising in balance disorders was recruited to assess 
adverse events along with the rest of the management committee.      
Referral. 
The researcher facilitated written referrals (see Appendix V Example of 
Participant Referral for Further Services) for any conditions for which it was warranted.  For 
example, those failing to meet the participant selection criteria due to screening test 
for depression or cognitive decline were referred to their health care practitioners for 




management.  No condition resulting in exclusion was acute, and identified 
individuals were able to wait until his/her next routine visit to their health care 
practitioners.  Routine follow-up avoided placing an additional burden on any 
participant due to showing interest in the study 
Insurance for research-related injuries. 
 UCT sponsored the no-fault insurance for the study (see Appendix R Ethical 
Clearance and Trial Registration Documents).  This information was disclosed to participants 
prior to study enrolment.  The researcher has personal professional insurance and 
sites had pubic liability insurance.  The following section describes the qualitative 
component of the research. 
Qualitative Component  
Aim 
 The aim was to explore participants’ lived experiences of falls and the trial 
interventions. 
Objectives. 
The objectives were: 
• To explore participants’ attitudes towards falls and fall prevention strategies; 
• To understand the participants’ experience of the interventions; and   
• To explore barriers and facilitators to participation in the exercise 
programmes. 
Study Design 
Using the phenomenology tradition, the design for the qualitative component 
of the research was a descriptive content analysis of data generated by focus groups 
(88, 653).     




Framework for focus group design. 
Focus group interviews and subsequent qualitative and quantitative content 
analysis (654) was conducted using an individualistic social psychology perspective 
(655).  The latter is a common approach to explore patient satisfaction or the effects of 
programmes (655).  Using the same paradigm, Ryan and colleagues highlighted the 
following constructs: 
• Information is based on the ideas which individuals bring to the group.   
• Assumptions that constructs raised are inherently stable.   
• Interactions within the group should reveal a range of opinions regarding the 
topic of discussion. 
• The group is structured and managed to stimulate thinking and interaction 
between group members.  
• While still respecting qualitative methodology, there is a scientific orientation 
towards such issues as replication and objectivism.  For example, questions 
may be directive.  
• Protocols are standardised.  Attempts to reduce bias are made (e.g., 
managing a participant’s behaviour should s/he dominate the group; or 
individuals are reticent).   
• The evidence that is generated is usually basic information and simple 
qualitative description.   
A criticism of focus group methodology is that if the topic is intensely personal 
(e.g., living with stigmatising illness), fewer rich data may emerge (656) compared 
with individual interviews (657).  Moreover, the group dynamic may reduce the 
range of issues discussed, and be limited by the intervention of the facilitator, 
while other approaches are less directive  (655).  Specific to the design, the 




primary focus was on speech content, thus non-verbal cues and other inferences 
were not considered (655).  Even though falls are described as stigmatising (241), 
the researcher noted participants’ receptiveness and openness toward fall 
prevention.  Therefore, a focus group was apposite to gather data in an efficient 
manner (658), and was compatible with a feasibility study.  Furthermore, 
participants’ acquaintance due to living at the same site facilitated a comfortable 
exchange of information (659).  Despite some disadvantages, focus groups permit 
collection of opinions about an intervention (655).  
Sampling Plan 
Sampling strategy and selection criteria. 
Criterion sampling, used in phenomenology (660) identified willing participants.   
Intervention participants who attended their final endpoints were invited to 
participate.  Ideal participants are data-rich, reflective, articulate, and diverse in 
opinion (661).  Participation was not linked to exercise adherence, as differences in 
experiences of the interventions were sought (661).  However, selection bias (662) is 
possible in that several participants did not attend the final outcome session and 
thus, their views were not sought. 
Sample size. 
The ideal sample size for each group is six to eight participants (657).  
Restricting the size of the groups allows more time for discussion of each topic (660).  
A group at the site of each intervention was planned.  Multiple focus groups allow 
determination of data saturation (663); but when using content analysis three to four 
groups are generally adequate (660).  





Willing individuals were contacted by the group facilitator and asked if they 
wished to participate.  Using an assistant to contact the potential focus group 
participants likely reduced pressure to participate, as participants did not have a 
therapeutic relationship with that individual.  Informed consent (see Appendix D 
Informed Consent Documents for Individual Participants) was sought prior to participation in 
the focus group. 
Focus Group Setting 
Each group was held at the respective site’s common room.  These rooms are 
private and routinely used for fun, social activities, so were unlikely to provoke 
anxiety in the participants (659).   
Procedure 
Permissions and consent. 
Permission was granted from UCT’s Faculty of Health Sciences HREC (see 
Appendix R Ethical Clearance and Trial Registration Documents for 2017 Protocol 
amendment for focus group permission).   
Site access had already been granted.  A thank you letter for continued 
access was sent to the managers, with a request for focus groups to be held at the 
site (see Appendix W Focus Groups). Individual consent for participation in the group 
(see Appendix D.3 Information sheet and Informed Consent Documents for Focus Groups.) was 
taken by the facilitator.  The limitations to confidentiality (due to the nature of the 
group) were outlined.  Participants were advised they were to be audio-taped, 
reminded of the assurance of anonymity, and requested to respect confidentiality.  
Participants who felt uncomfortable being audiotaped were free to withdraw.   




Focus group procedure. 
Groups commenced with refreshments and a relaxed, informal atmosphere was 
created.  The facilitator re-introduced herself to the group (she had been a research 
assistant in the RCT) and highlighted the aims. 
1) Individual task 
Participants were asked to reflect on: 
a) their construct of falls and fall management/prevention; 
b) experiences of the intervention, and  
c) their reasons for adherence or withdrawal.   
Concept notes were made on colourful Post-it™ notes, which were placed on a 
flip chart and used to guide the discussion.  
 
  
2) Focus group discussion 
The facilitator used the interview schedule (see Appendix W Focus Groups) and flip 
chart to guide the discussion.  She used pauses and probes when discussion 
flagged.  Pauses ensured exhaustion of a topic prior to moving to the next; while 
probes (e.g., “tell me more”, or “can you explain why you think this?”) encouraged 
further discussion (664).  
3) Close of focus group 
Participants were thanked for their participation, given a token of appreciation 
and invited to partake of more refreshments. 
4) Post-group activities 
All groups audio recordings were transcribed verbatim.  Transcriptions were 
verified against the audio recordings by the researcher. 




Facilitator Preparation and Management of Group 
Ground rules such as having only one person speaking at a time, signalling 
when a participant wished to speak, and switching off mobile phones were explained 
(664).  The facilitator indicated that she may need to progress the discussion at some 
points to complete the discussion on the three topics.   
Participants were informed they could talk freely about their experiences of 
the interventions, whether positive or negative.  The facilitator guided the discussion 
and was aware that she should not actively participate in it (659).  The facilitator 
recognised that views may have been critical of the interventions and strove to 
maintain an open and natural attitude.  The facilitator avoided encouraging 
statements such as: “yes/I agree/OK”.  Such comments may have indicated to the 
group areas where discussion may or may not be acceptable (664).  She strove to 
maintain neutral body language and facial expressions. 
Shy participants were drawn into the group by directing a question to them.  
The facilitator stressed that she would like a range of views to be heard, in the hope 
that one person would not dominate the group (659).  Verbose participants were 
managed by requesting that they summarise their key point/s and then have further 
discussion after the group has been completed (664). 
Assistant facilitator’s role. 
The assistant facilitator was known to the participants, having assisted at the 
initial recruitment presentations.  He had no active role in the discussion.  His role 
was to ensure smooth recording of the session, greet anyone who arrived late, 
arrange seating, and ensure the refreshments were served.   





• Stationery: flip chart, felt-tipped pens of different colours, brightly coloured 
Post-it™ notes. 
• Informed consent and information sheet documents (see Appendix D.3 
Information sheet and Informed Consent Documents for Focus Groups.).   
• Interview schedule (see Appendix W.2 Interview schedule for focus group 
discussions.).  
• Name tags.  
• Mobile phones (one main, one back-up) with voice recording application. 
• Modest refreshments (e.g., tea/coffee, muffins, biscuits, savouries). 
• Modest thank-you gifts (UCT branded pens and plastic document storage 
folders, total value <R30 per gift). 
Rigour and Trustworthiness 
In qualitative research, the concept of trustworthiness is explained by the true 
value of the results, known as credibility, the applicability of the results, termed 
transferability, and dependability (665, 666).  Table 9 describes endeavours to promote 
trustworthiness.  




Table 9.  Endeavours to promote trustworthiness. 
Credibility (The validity of conclusions drawn from data (667)). 
• Careful selection of focus group participants (668).   
• Verbatim transcription of audio recordings and verification of transcription (667). Although video 
recording was not conducted, the facilitator did not note conflicting non-verbal cues or guarded 
behaviour.   
• Appropriate sample size (656).  However, increasing sample sizes does not necessarily result in 
richer data (656). 
• Sufficient data ensure content analysis will highlight similarities and differences within the 
transcription (668). 
• Debriefing with research supervisors (667). 
• Member-checking was not utilised primarily due to participant fatigue.  In addition, there was a risk 
of social desirability, recall and other participant-linked sources of bias.   
Transferability (The applicability of the findings in other settings (667)). 
• Assuring data saturation, where no new data, themes or codes arose (656). 
Dependability (Consistency of results within and between studies (667).  Dependability also speaks to 
which codes or quotes to allocate to a specific category (668)). 
Within study: 
• Checking for coding consistency at two points in time supports quality assurance (654).  A sample of 
the data was coded initially, and the coding repeated ten days later to evaluate and modify the 
coding frame. 
• Data-driven validity issues are revealed by examining the distribution of coding across the sub-
categories (669).   If there were high frequency counts for residual categories, then more sub-
categories were created (669).  
Concept-driven validity (Comparing the results to what is already known to experts in the topic (654)). 
• The researcher’s supervisors are experienced qualitative and quantitative researchers and reviewed 
the coding frame.  This method may be controversial (670).   
Triangulation of results (Collation of evidence sourced by different research methods or types of data 
collection (671) ). 










Table 9 continued. 
Confirmability (The objectivity of the research (667)). 
• Efforts towards reflexivity were made by thorough description of the researcher’s and facilitator’s 
credentials, training and therapeutic alliance with the participants (667).   
• The researcher was aware of her own stance regarding the research topic and the subjectivity of her 
interpretation. 
Shaman effect (An individual’s specialised knowledge and desire to provide feedback overshadows the 
data set’s richness and thickness (656)). 
• The facilitator was trained in appropriate focus group techniques. 
 





Data gathering and analysis occurred concurrently (670).  A qualitative content-
orientated analysis (655) was used; acknowledged as method in its own right (654).  
Qualitative data indicated what was said, while quantitative information highlighted 
the frequency of the codes counted (88).  The latter quasi-statistical data may provide 
an indication of the level of agreement on the issues discussed (663).    
Deductive methods have a risk of bias, and the predetermined and thus 
inflexible framework are compelling reasons to avoid this approach (670).  In contrast, 
inductive reasoning makes few assumptions and allows the data to drive the analysis 
(665).  This commonly adopted approach is comprehensive, although time consuming 
(670) and was used in the analysis.   
Phases in the analysis process. 
Preparatory phase. 
Focus group transcripts were read several times to familiarise the researcher 
and give an overall sense of the data.     
Organising phase. 
Units of text were coded into categories.  A category is a description and 
reduction of text (which reflects the participants’ opinions), while still maintaining the 
meaning of the content (88).  Categories are abstracted beyond the specifics of the 
transcribed data, and may apply to several passages of text (669).  Categories 
represent the main product of the analytical process, which contribute to the 
development of themes (88).  Suggestions for effective categories were informed by 
Schreier (654): 
• A concise name for the category. 
• A description of, and indicators for the category, e.g., specific words. 




• An example of text included in the category. 
• Decision rules in cases of category overlap 
Categories were clustered into themes.  Themes require interpretation of the 
data and the implied meaning of the participants’ words and experiences (88).  In 
content analysis, themes may be based on the frequency of occurrence in the text 
(653). 
Reporting phase. 
The final phase of analysis is reporting the data (653).  A summary of 
categories and themes is presented in the results.  A quantitative count of 
contributions to categories is outlined (671).  Key pieces of text were selected, which 
illustrate the themes and assist with answering the research question (653).  
 Ethical Considerations 
Having a research assistant make appointments for participants promoted 
autonomy and reduced the risk of coercion or social pressure to partake in the focus 
group.  The small gift was unlikely to be construed as coercion, as it was not 
announced when recruiting.  Moreover, the participants came from a background 
where a low-value gift would not be enticing.   
 Privacy: To protect their identity for the analysis and subsequent reporting, 
participants were asked if they wished to choose pseudonyms.  None did so, thus, 
participants are simply referred to as Participant (P) 1, P2 etc.  Groups are presented 
as WBB/OEP groups without reference to specific sites.  There is no way to link 
individual identities to groups or sites, thus protecting privacy.  However, participants 
were known to each other, and this was outlined in the informed consent document 
(see Appendix D Informed Consent Documents for Individual Participants).  Participants were 




asked to preserve confidentiality by not discussing opinions voiced in the group 
outside the session.     
Non-maleficence: It was not anticipated that any harm or emotional distress 
would result from participation in the group.  However, provisions for support and 
feedback were made (672).  The researcher is qualified in psychological first aid and 
would have administered it if required, along with any further referrals.   From earlier 
indications to the researcher, participants appeared to be eager to share their 
experiences of the interventions.  Thus, the risk/benefit ratio appeared satisfactory. 
 




CHAPTER VII.  RESULTS 
The results of this study are presented according to the Aims and Objectives33. 
Results of Aim 1 
Aim 1 evaluated the feasibility issues pertaining to the design of a future fully-
powered cluster RCT.  
Objective 1. Site and Participant Recruitment 
Three of six potential sites contacted directly by the researcher were enrolled.  
After successful enrolment of Site A, snowballing recruitment occurred to recruit Site 
Y.  Site Y’s manager was enthusiastic, however, the residents’ committee indicated 
they were “past the point of interest in such projects.”  The manager suggested the 
average age of residents (≈90 years) likely contributed to their decision.  Site D was 
successfully recruited using snowballing, as the researcher treated a patient from 
that site in her private practice.  After the consultation, conversation turned to the 
research project, and the patient provided an introduction for her retirement village. 
Overall, 36 hours were spent on site recruitment activities, including non-
enrolled sites.  Appendix X Additional Data for Results Chapter outlines the processes 
followed from first contact at the site to recruitment of individual participants at Site 
C.  Similar processes were followed at all sites.  
Failure to enrol sites. 
The nurse manager of Site Z anticipated too few (6-8) residents would be 
interested in enrolling.  The site was excluded, as an objective was ≥15 
participants/site.  Site X had a management structure which acted as a central hub 
for several other sites.  Site X was eventually abandoned after repeated visits and 
 
33 Note that the researcher is aware of the convention not to cite references in Results.  Those shown 
are to support formulae; or to inform the reader of contextual issues not commented upon elsewhere. 




phone calls following up initial contact.  Instability within Site X’s nursing staff 
structure was reported as the reason for a decision not having been taken.  The 
nursing staff were the pivotal decision-makers to assess the research proposal at 
Sites Z, X, A, and D. 
Procedures linked to site initiation. 
Results of the site inspections and site enrolment procedures are shown in 
Appendix C Documents Pertaining to Site Recruitment.  
Description of sites. 
All sites met the eligibility criteria.  Complex negotiations regarding community 
entry were not required.  The researcher is from a similar linguistic and ethno-cultural 
background to the residents of the sites.  
The Southern suburbs of the Cape Town metropolitan area are predominantly 
English-speaking, and most suburbs’ properties would require middle- and upward 
incomes to purchase homes34.  All sites housed independent community-dwelling 
older adults35.  Sites A and B are administered by the Cape Peninsula Organisation 
for the Aged (CPOA).  This organisation sells properties on a life-rights basis. 
Income generated by the CPOA cross-subsidises residences in less affluent areas.    
Site C offers both subsidised and non-subsidised apartments in the same 
complex for older adults who originate from the suburb in which it is located.   
Residents may have independent private incomes or are reliant on state pensions 
(thus low- income36).  Site C is run by a board of trustees and does not aim to make 
 
34 Reference: Understanding Cape Town property prices.  Affordability of property prices in terms of 
household income. Retrieved 6 December 2018 from https://ctproperty.weebly.com/property-prices-
by-income-affordability.html.   
35 See Glossary of Terms. 
36 The current amount per month for a state old age pension is ZAR1 690, which equates to 
US$122.65 per month (exchange rate information correct as at 5.12.2018, retrieved 5 December 
2018 from https://zar.mconvert.net/usd/1690). Reference: Kelly, G. (2017). Social Grants.  Everything 
you need to know about social grants.  Retrieved 6 December 2018 from 
https://www.groundup.org.za/article/everything-you-need-know-about-social-grants_820/.  




a profit.  Site D properties are sold on a life-rights basis and the estate is run by a 
board of trustees and professional management staff.   
Site and protocol feasibility checklist. 
A feasibility checklist was completed for each site and the results are shown 
in Table 10.




Table 10.  Site and protocol feasibility checklist. 
1. Population                                                         
Result/finding 
Result/finding 
 Was there access to a suitable population?   
 
Yes. 
Was the proposed enrolment goal realistic? 
 
Yes, although attrition problematic in costs group. 
Was the proposed enrolment period realistic? 
 
No.  Recruitment was slow at all sites. 
Did enrolment compete with other studies or rehabilitation 
programmes seeking similar participants? 
 
No rehabilitation programmes/studies at any site. All sites had yoga/similar exercise classes available on a 
weekly basis.  One session (Ageless Grace37) was observed and involved primarily seated exercises. Site B 
was participating in a memory study conducted by the University of Cape Town at the time of study 
enrolment. 
Were the inclusion/exclusion criteria overly restrictive?  No. 




Fall risk as noted in Literature Review.   
How ill was the population? 
 
Post-hoc analysis showed participants at OEP sites (Sites A and D) were older and less well than WBB 
participants (Sites B and C). 
 
2. Protocol                                                           Result/finding 
 What changes were implemented to the protocol in terms of its 
design? 
Several tests added.  See below and Discussion.  
 
 Did the University’s institutional review board have ethical concerns?   
 
No major issues with ethical clearance. 
Did the participants benefit from participation? Yes.  Focus group feedback was mostly positive regarding perceived benefit.  
Were services (e.g., GP, physiotherapy) required,  
either screening for eligibility/during the study? 
 
Referrals to independent physiotherapists were made pre- and during the trial for non-balance related 
issues.  
Was necessary equipment and space available? 
 
Yes.  Site D participants preferred to be seen in their homes rather than the common area.  As the homes 
were spacious, with moving some furniture, tests could still be completed.  
 
 
37 https://agelessgrace.com/ Retrieved 20 November 2018. 





Table 10 continued. 
2. Protocol Result/finding cont. Result/finding 
 Were participant attrition/adherence problems foreseeable?  No.  Due to unforeseen circumstances (waiting for equipment and a crisis in university education in South 
Africa – see below) there was a delay of up to four months for some participants between attending the 
recruitment presentation, enrolment and intervention entry. During this time several participants “cooled off” 
and then declined to join the intervention programme.   
 
 
What modifications are needed to the case  
report forms? 
Additional tests included, e.g., standard, sharpened and semi-tandem Romberg tests, FICSIT-4, and 
FTSST. 




What problems were encountered with sustaining  
the programme, so that it could be available for participants at the end 
of the study?  
 
 

















Table 10 continued. 
3. Assessments                                                  Result/finding 
 Were assessments frequent? Assessments done at mid-point and end of study.  
Were assessments difficult to conduct in the study population?  E.g., 
were participants able to do more ambitious tests like the Mini-
BESTest? 
 
Participants were very apprehensive for the 30s stand on foam with eyes closed (embedded in Mini-
BESTest).  Participants expressed anxiety before the Mini-Cog, introduced as a memory test. Individuals 
were informed screening was necessary to prevent potentially vulnerable individuals being enrolled.  The 
inclusion of the test to satisfy ethical requirements was discussed, yet potential participants still appeared 
apprehensive.  Six individuals who failed the screen were offered a repeat test and were ultimately enrolled. 
All Mini-Cog excluded individuals were counselled appropriately by the researcher, who has extensive 
experience and training in addressing emotional issues and a psychology first-aid qualification. 
Permission/assent was sought from excluded individuals to inform nursing staff/site management of the 
failed screen, in order to observe duty of care.  
 Were the participants able to complete the exercise logs and report 
falls?  
 
Although all participants had a minimum of secondary education, and English as their home language (with 
one exception who was mother-tongue Afrikaans, but proficient in English), assistance with the 
questionnaires was required. The negatively worded items in the GDS were particularly problematic.  Few 
participants completed the PASE independently, leading to researcher-administration.   
Completion of exercise logs was sub-optimal.  Participants failed to record falls on the log, and only 
revealed them when questioned at the follow-ups. No participant completed documentation of expenses 
related to falls. 




















4. Staff         Result/finding 
Were qualified staff available to support participants and contact the 
research team if necessary? 
Yes. The physiotherapist and site managers were able to contact the researcher at any time.  The 
researcher’s landline was diverted to her mobile telephone when she was data collecting in the field. 
 
 





Table 10 continued. 
If needed, was training available? 
 
Training described in the Methodology Chapter.  The researcher herself has a background in vestibular 
management including rehabilitation and conducted the initial assessments.  She was present for follow-up 
in every participant. Training was provided for the research assistant. 
Training was provided for the data capturers. 
Did the researcher have adequate time to devote to  
the study? 
 
Very challenging as the researcher works and teaches full time.  Unforeseen events, such as national 
student protest action38 resulted in the University requiring staff to complete additional teaching and 
examinations at short-notice39.  At times, data collection had to be delayed until university vacation periods, 
making precise timing of follow-up visits difficult. 
 Were additional staff required? 
 
The use of a research assistant for follow-up assessments was necessary for blinding purposes.  Her 
presence facilitated more efficient data collection. For example, she set up the tests while the researcher 
was engaging with the participant and assisting with questionnaire completion.  
A secretary was required to schedule initial and follow-up appointments due to the researcher’s time 
constraints.  
Were study visits complex, presenting possible scheduling difficulties, 
e.g., how many different study staff did participants encounter in a 
given visit? 
 
Scheduling was comparatively straightforward.  Participants encountered 1) the researcher on every visit 
and 2) the same research assistant on each follow-up assessment visit.  The assistant’s hours were flexible, 
which was helpful. The same physiotherapist did both interventions with all participants. Both the 




38 Makoni, M. & MacGregor, K.  (2016). Violent protests at universities, including Cape Town.  University World News, Issue 401, 20 February 2016.  Retrieved 5 December 
2018 from: Http://www.universityworldnews.com/article.php?story=20160219151407906.   
39 Faculty of Health Sciences’ suspension of classes in years 1-3 of undergraduate programmes and completion of teaching and examinations in Mini-semester in January 
2017.  Retrieved 5 December 2018 from : Http://www.health.uct.ac.za/news/suspension-classes-years-1-3-undergraduate-programmes-and-completion-teaching-and-
examinations.   
 





Table 10 continued. 
5. Budget                                                                Result/finding 
 Did the preliminary budget appear adequate? Yes.  No unanticipated expenses. 
6. Other                                                                   Result/finding 
 Were electronic or remote data retrieval systems used?  For the feasibility study, all data collection was completed manually into a source document.  Data were 
captured to an electronic database (Redcap).  For a future large-scale study, data could be entered directly 
on a tablet into the database. 
Does the sponsor/PI expect this study to be audited 
by the regulatory bodies? 
 
Possible, but unlikely as a non-pharmacological intervention. 
 
Legend: FICSIT-4: Frailty and Injuries: Co-operative Studies of Intervention Techniques; FTSST: five times sit to stand test; GDS: Geriatric Depression Scale, GP: general 
practitioner; OEP: Otago Exercise Programme; PASE: Physical Activity for the Elderly Scale; PI: primary investigator; WBB: Wii Balance Board intervention.  
 




Recruitment of participants. 
The aim was to recruit a target sample size of 30 participants per intervention (in 
clusters, requiring four sites) over a four-month recruitment period.  Upon site 
enrolment, one recruitment presentation was held per site between October 2016 
and April 2017.  Screening for eligibility of potential participants commenced in 
December 2016 until May 2017.  Interventions were introduced from April 2017.  
Participant screening and enrolment. 
Eighty-eight potential participants attended eligibility appointments.  Immediate 
exclusion prior to further assessment or consent occurred.  Instances included use of 
mobility aids, and dementia reported by spouses.  Table 11 accounts for the final 
number of participants.  A total of 132 hours was spent on individual consent 
procedures and assessments.  These hours represent contact time.  Travel, 
venue/test set-up, gaps between appointments and individuals for whom time had 
been allocated and cancelled/ failed to attend is excluded.  Interviews to obtain 
informed consent and conduct baseline measurements (questionnaires and physical 
endpoints) took one and a half hours per enrolled participant and were conducted by 
the researcher.  Breaks during the assessment due to participant fatigue or dizziness 
were not necessary.  Husband and wife participants were allocated a total of two 
hours as the questionnaires could be completed simultaneously.  




Table 11.  Recruitment of participants at each site. 
Potential trial candidates Site A (OEP) Site B (WBB) Site C (WBB) Site D (OEP) 
Total number of residents 









Completed indication of interest slip  23 28 40 18 
Number of appointments made (note one 
appointment may have involved two potential 
participants if partners) 
19 21 34 24 
Number excluded by researcher prior to 
screening appointment (due to information 
revealed when contacted) 
 





Not well (2) 
Going away (1) 
 
Orthopaedic issue (1) 
 
Number declined to make appointment  
 
No reason (2) 
 
No reason (3) 
Too busy (1) 
No longer interested 
(1) 
 
Too busy (2) 
Not well (3) 
 
No reason (1) 
Number of cancellations/no-shows 3 4  2 1 
Number attended eligibility appointment N=88 14 20 34 20 
Number who kept appointment and excluded 
prior to consent due to obvious exclusion  
criteria/individuals’ reports 
Too young/ intellectually  
challenged (1) 
















Number who kept appointment, consented  
but excluded from interventions due to not  
meeting eligibility criteria 
 
 











Failed Mini-Cog (1) 
Acute dizziness (1) 
Number who kept appointment but  




Too irritable (2) “Bitten off too much” 
(1) possible 
underlying anxiety 
Too busy (3)  
Anxiety (1) 
0 
Total enrolment N=58 8 15 17 18 
 
Note: 
1) some individuals screened had ≥1 exclusion criterion; for some couples one response slip was completed for two individuals, hence the 
apparent disparity in the numbers.   
2) The researcher is ideologically opposed to labelling/categorising individuals by their health condition (673) (e.g., the vestibular neuritis in 
bed 3), but the conditions are so listed in the Table for brevity. 




Flow of participants through study. 
Thirty participants commenced the interventions and 28 were enrolled in the cost-
analysis only arm of the trial. The costs group included seven participants who 
withdrew immediately from the interventions.  Reasons included already having an 
exercise regimen (3) and four cited loss of interest (they are not shown in the 
CONSORT diagram which follows).  They were included in the costs group as they 
had baseline data and no follow-up (four WBB, three OEP).   
  shows participant follow-up throughout the study.  For the costs group, only one 
participant completed full testing at baseline, three and six months. 
  
 Figure 13. Numbers of participants available at follow-up points. 
A CONSORT diagram of intervention participants’ flow throughout the trial is 
shown in   Figure 14.  Several (seven WBB; six OEP) participants discontinued the 
interventions, despite this, most (81.2% WBB; 92.8%) presented for follow-up 
assessments. 
 





  Figure 14. CONSORT flow diagram for intervention participants. 
Profile of participants.  
Table 12 presents participants’ demographic information including case 
history results, Functional Comorbidities Index and medication profile.     
Demographic and case history information. 
A female predominance was noted (≈ 2:1).  Around half (48.9%) the 
participants had university or similar post-high school education.  Combined, 50% of 
the sample had fallen in the year preceding enrolment.  Symptoms of imbalance and 
dizziness were reported by all groups.  Most common were vertigo, nausea, 
positionally- and posturally-induced symptoms.  




Table 12.  Participants' demographic data. 
Variable OEP N = 14 WBB N = 16 Costs N = 28 
Sex    
Male 5 (35.7%) 3 (18.8%) 5 (17.9%) 
Female 9 (64.3%) 13 (81.3%) 23 (82.1%) 

















Highest educational achievement    
< Matriculation 40 0 2 (12.5%) 7 (25%) 
Matriculation 6 (46.2%) 6 (37.5%) 9 (32.1%) 
Tertiary education 7 (53.8%) 8 (50%) 12 (42.9%) 
 
Marital status 
   
Single 2 (14.3%) 2 (12.5%) 5 (18.5%) 
Married/ living with partner 6 (42.9%) 4 (25%) 10 (37%) 
Divorced 1 (7.1%) 0  3 (11.1%) 









Basic computer literacy a  11 (78.6%) 13 (81.3%) 17 (60.7%) 
 
Falls in year preceding enrolment (395) 6 (42.9%) 8 (50%) 16 (57.1%) 
 
Single fall in last year 2 (33.3%) 6 (75%) 10 (62.5%) 
Recurrent falls in last year 4 (66.6%) 2 (25%) 6 (37.5%) 
Injurious falls category A 0 1  7 
Injurious falls category B 2 3  2 
Injurious falls category C 2 0 5 
 
 
40 Grade 12 school-leaving qualification also known as National Senior Certificate, typically 
undertaken at age 18 years. Reference: National Senior Certificate, retrieved 11 December 2018 from 
https://ncedu.ncape.gov.za/index.php/teacher/national-senior-certificate   
 




Table 12 continued. 
Variable OEP N = 14 WBB N = 16 Costs N = 28 
Injurious falls category D 3 2  5 
Injurious falls category E   1 4  2 
Indoor falls/outdoor falls 5/1 4/3c 7/9 
Trip/slip 
 
6/1 8/1 8/7 
Symptoms of imbalance    
Vertigo (hallucination of 
movement of self or 
environment) 
5 (35.7%) 3 (18.8%) 5 (17.9%) 
 
Floating sensation 2 (14.3%) 2 (12.5%) 4 (14.3%) 
Tendency to fall 1 (7.1%) 0 3 (10.7%) 
 
Fainting 1 (7.1%) 2 (12.5%) 5 (17.9%) 
Rotating or spinning of head 1 (7.1%) 2 (12.5%) 0 
Nausea 3 (21.4%)  2 (12.5%) 7 (25%) 
Sudden slips or trips 2 (14.3%) 2 (12.5%) 0 
Positionally induced symptoms 5 (35.7%) 7 (43.8%) 4 (14.3%) 
Posturally induced symptoms 5 (35.7%) 2 (12.5%) 8 (28.6%) 
Physical strain 1 (7.1%) 0 1 (3.6%) 
Transferring from seated in a 
chair 
3 (21.4%) 1 (6.3%) 1 (3.6%) 
Self-perceived memory score b, c /10  
 
7.2±1 (5–9) 7.6±1 (6–10) 7.2±1.4 (4–10) 
Functional Comorbidity Index score d 
/18 
 
4.6±1.8 (2–8) 3±1.8 (1–7) 4±2.3 (1–10) 
Number of prescription medications 4.9±3 (2–13) 3.5±2 (1–7) 4.3±2.2 (1–12) 
 
Legend: SD = standard deviation; Category A: Serious injury: hospital/emergency services for fractured bones, 
head or internal injuries.  Category B: Moderate injury: wounds, bruises, cuts requiring a medical/health 
professional examination. Category C: Minor injury: minor bruises or cuts not requiring health professional 
assistance, reduction in physical activities for at least three days.  Category D – No physical injury detected. 
Category E: no injury but afraid of falling again (395). 
a Able to Google and do emails. b Maximum score of 10. Higher score = better memory. c One participant did not 
answer the relevant question. d Higher scores = more medical conditions/comorbidities.  
For continuous variables, means are presented ± SD, with range in parentheses. Categorical variables are 
presented as actual number of participants, with proportions in parentheses.   
 




Baseline demographic/case history data between-groups comparison. 
There was a significant difference between groups for age (F (2,57) = 4.9,  
p = .011); with the OEP and costs group significantly older than the WBB group (p = 
.035, and p = .017 respectively).  A significantly higher proportion of participants in 
the OEP and WBB groups owned their own computer compared to participants in the 
costs group (Fisher’s test, p = .05, V = 0.33).  A significantly higher proportion of 
participants in the OEP and WBB groups fell due to tripping over an obstacle 
compared to participants in the costs group (Fisher’s test, p = .005, V = 0.56).  All 
other one-way ANOVAs and chi-square tests showed no significant difference 
between the WBB and OEP at baseline, or between either of the exercise-based 
intervention groups and the costs group. 
Prescription medication use. 
Thirteen (92.9%) of the OEP group, 14 (87.5%) of the WBB group, and 28 
(100%) of the costs group were using prescription medication.  However, there was 
no statistical significance between groups (p = 0.132).  Half or more participants in 
each group (69% OEP; 50% WBB, and 61% costs) were taking ≥4 medications; 
although there were no statistically significant between-group differences (χ2 = 1.05, 
p = .132, V = 0.24).  Of those taking medication, the majority (76%) were taking 
cardiac/anti-hypertensive/respiratory treatment, and a large proportion (45%) were 
taking psychotropic drugs. 
Functional Comorbidity Index. 
Details of the Functional Comorbidity Index are shown in Table 13.  The most 
common chronic health conditions reported were arthritis (>60% of participants in 
each group), osteoporosis and anxiety and panic disorders (≈30% in each group), 
cardiac conditions, and severe visual impairment (e.g., macular degeneration, history 




of glaucoma, cataract surgery. The latter could have inflated the prevalence of ocular 
pathologies).  Note however, that vision and hearing had to meet inclusion criteria.  
Neurological disorders included a participant with a vestibular schwannoma and 
another with proprioceptive abnormalities.  A significantly higher proportion of 
participants in the OEP and costs group had a degenerative disc disorder compared 
to those in the WBB group (p = .026).  A higher proportion on participants in the OEP 
group had an upper gastro-intestinal tract disorder (e.g., reflux, ulcer) compared to 
those in the WBB and costs group (p = .051). 
 
 




Table 13.  Functional Comorbidity Index results. 
Chronic health condition  
OEP  
N = 14 
WBB 
 N = 16 
Costs  
N = 28 
χ2 p V 
 
Arthritis a  
11 (78.6%) 10 (62.5%) 17 (60.7%) 1.41 .495 0.16 




2 (14.3%) 3 (18.8%) 4 (14.3%) - .588 0.06 
Angina/congestive heart 
failure/myocardial infarct 
6 (42.9%) 2 (12.5%) 9 (32.1%) - .188 0.25 
 














Transient Ischaemic Attacks 
0 1 (6.3%) 4 (14.3%) - .495 0.21 
Peripheral vascular disease 3 (21.4%) 1 (6.3%) 1 (3.6%) - .135 0.26 
Diabetes (Type I or II) 0 2 (12.5%) 3 (10.7%) - .581 0.18 
 
Upper gastro-intestinal tract 











































Hearing impairment 2 (14.3%) 3 (18.8%) 4 (14.3%) - .899 0.06 
 




























Notes: a Rheumatoid and osteoarthritis. b See text for examples. c E.g., reflux, ulcer.  
Where no χ2 statistic is reported, Fisher’s exact tests were performed.  
 
 




Issues Impacting Potential Enrolment 
Eligibility and recruitment fractions. 
The recruitment number is argued to be all the residents who completed 
indication of interest slips, which totals ≈109 potentially eligible candidates.  
The eligibility fraction is:   
𝐸𝑙𝑖𝑔𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 
𝑅𝑒𝑐𝑟𝑢𝑖𝑡𝑚𝑒𝑛𝑡 𝑛𝑢𝑚𝑏𝑒𝑟 (𝑁=109)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑠𝑐𝑟𝑒𝑒𝑛𝑒𝑑 𝑎𝑛𝑑 𝑓𝑜𝑢𝑛𝑑 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒 (𝑁=65)
 = 1.67 
The enrolment fraction is: 
𝐸𝑛𝑟𝑜𝑙𝑚𝑒𝑛𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑠𝑠𝑒𝑠𝑠𝑒𝑑 (𝑁= 88)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑒𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 (𝑛= 65)
 = 1.35  
The recruitment fraction is the product of the eligibility and enrolment fractions, 
thus: 1.67x 1.35 = 2.25.     
The number needed to screen to enrol/randomise one participant was: 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑠𝑐𝑟𝑒𝑒𝑛 
1
𝑟𝑒𝑐𝑟𝑢𝑖𝑡𝑚𝑒𝑛𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 2.25
 = 0.44 
Refinement of eligibility criteria. 
Three exclusion criteria were implemented during the trial.  Items 1 and 2 
resulted in subsequent exclusion or limited physical endpoint assessment (items 2 
and 3): 
1) Sacral neuromodulation implants41 (674) as they are contraindicated for WBB 
on the same basis as a pacemaker.   
2) Acute vertigo/dizziness.  One individual’s risk was assessed as so high (e.g., 
subjective imbalance resulting in furniture- and wall-crawling) she was 
immediately excluded and referred appropriately.   
3) Use of vestibular sedatives.  A second participant was unable to complete 
follow up assessments at three months, having taken a vestibular sedative 
 
41 Surgically implanted pacing device for incontinence management. 




that morning.  At six months, she was subjectively dizzy again and the 
outcome assessor elected not to evaluate physical endpoints due to fall risk. 
Objective 2. Issues Related to Cluster Randomisation 
Sources of potential bias. 
Sources of bias are discussed here, although they are not specific to a cluster 
design.  The recruitment strategy likely promoted selection bias.  The presentations 
could have attracted individuals with concerns regarding falling, or those with 
injurious falls.  Indeed, baseline data suggest 50% of the sample had fallen within 
the preceding year.  Thus, fear of falling may have influenced participants.  It is 
equally possible that those unconcerned about falls (but with/without fall risk), or with 
fatalist attitudes may not have attended.  Possible healthy volunteer bias exists if 
participants joined for altruistic reasons.  Results from the focus groups offer support 
for concerns regarding falls and altruism.  A Zylen effect could have contributed to 
attrition in the cost group, where loss to follow-up was greatest.   
Use of a cluster design. 
 The cluster design appears to have highlighted between-group differences at 
case history baseline, including an age imbalance, and computer literacy (see Table 
14).  Differences in baseline results for the questionnaires are discussed next.  
Participants’ baseline physical endpoints are described later.   
Baseline between-group differences for self-assessment scales. 
Significant between-group differences on the EQ-5D-3L (p = .029) and EQ-
5D-VAS (p = .005) were noted at enrolment.  Post-hoc comparisons revealed that 
WBB participants had significantly lower EQ-5D-3L scores compared to those in the 
costs group (p = .012).  WBB participants had significantly higher EQ-5D-VAS scores 
compared to costs and OEP groups (p = .003 and p = .015 respectively); suggesting 




the WBB group enjoyed significantly better self-perceived health-related quality of life 
than the other groups.  There was no significant difference between groups 
regarding the presence of a positive screen for depression (GDS); nor differences in 
the exercise self-efficacy (SEE) and physical activity levels (PASE).  Table 14 
displays aggregated scores at baseline and follow-up, and between-group 
differences at baseline for the same SAS. 
Blinding. 
 Blinding of the outcome assessor was partially successful.  Three instances of 
unblinding occurred over two sites.  However, the outcome assessor was unaware of 
the participants’ allocation to an intervention/costs group, nor adherence data, 
limiting cross-contamination of the whole pool.   




Table 14.  Between group differences in self-assessment scales. 







n = 14 
OEP  
3 months 
n = 14 
OEP  
6 months 
n = 13 
WBB  
baseline 
n = 16 
WBB 
 3 months 
n = 16 
WBB  
6 months 
n = 13 
Costs 
baseline 







SEE  6.79 (1.60) 6.79 (1.65)  6.38 (1.65) b 7.36 (1.81) 6.85 (1.47) c 6.24 (1.74) 7.26 (1.75) 0.45 .642 .03 
EQ-5D-3L  1.23 (0.22) 1.20 (0.26) 1.17 (0.27) b 1.11 (0.13) 1.10 (0.18) 1.18 (0.21) 1.30 (0.11) 3.94 .029* .18 
EQ-5D 
VAS  
77.79 (8.95) 77.71 (11.78) 81.83 (10.52) b 85.06 (6.66) 83.88 (10.59) 88.69 (10.71) 74.25 (7.67) 6.14 .005* .26 
GDS  1.31 (1.75) a N/A N/A 1.13 (1.85) c N/A N/A 1.50 (1.93) 0.97 .386 .04 
PASE**  71.26 (28.12) 65.53 (35.44) 88.45 (39.54) 81.82 (40.04) c  70.85 (40.81) 78.43 (32.90) 51.65 (3.83) 2.46 .101 .13 
 
Legend: EQ-5D-3L: EuroQol measure, EQ-5d VAS: EuroQol Visual Analogue Scale; GDS: Geriatric Depression Scale (measure only administered at baseline); N/A: not 
applicable; PASE: Physical Activity for Elderly Scale; SEE: Self-efficacy for Exercise scale. 
 
 a Data based on 13 participants. b Data based on 12 participants. c Data based on 15 participants. d Data based on 3 participants.  








Safety, Adverse Events42 and Falls. 
 Table 15 depicts the number and severity of falls during the trial.  No 
participant notified the researcher immediately after a fall.  Falls were disclosed at 
follow-up visits.  Falls in the costs group are likely under-represented due to a high 
level of attrition.  Three OEP participants fell twice during the monitoring period.  One 
WBB participant reported two falls.  A total of 13 falls were recorded for a sample of 
30 participants in exercise interventions.  Thus, prevalence of falls was 16.6% for 
participants in the active interventions at a six month follow up, which compares 
favourably with a pre-intervention fall prevalence of 50% for all participants.  
  
Table 15.  Number and severity of falls during trial. 
 OEP WBB Costs  
Number of falls 8 5 2 
Injurious falls category A: Serious injury: hospital/emergency 
services for fractured bones, head or internal injuries.   
0 0 0 
Injurious falls category B: Moderate injury: wounds, bruises, 
cuts requiring a medical/health professional examination. 
3 1 0 
Injurious falls category C: Minor injury: minor bruises or cuts 
not requiring health professional assistance, reduction in physical 
activities for at least three days.   
1 1 1 
Injurious falls category D: No physical injury detected 3 3 1 
Injurious falls category E: No injury but afraid of falling again 
(395). 
1 0 0 
TOTAL falls: 15    
 
42 See Glossary of Terms. 




Other adverse events. 
 One OEP participant withdrew due to backache.  This was a pre-existing 
condition, which she felt impaired her participation.  No injuries directly related to 
active participation in the interventions were reported.   
Sample size for future trials. 
 The feasibility study permitted computation of sample sizes for a future RCT.  
These are presented next. 
Projected sample size for a future RCT using simple randomisation. 
The 6-month SD and estimates of clinically significant minimal effect sizes 
(respective to specific tests) were used to calculate sample size for a future RCT 
assuming simple randomisation.  The aim was to detect an effect size of 0.8, 
allowing for 20% attrition (referenced to published pilot study data (675)), based on 
two groups of equal size and a two-tailed significance threshold alpha of 0.05.  For 
the pivot turn and stop test (number of steps, embedded in DGI), 15 
participants/group would be required.  For the FTSST, 46 individuals/group were 
estimated.  Using the Mini-BESTest, 14 people/group were computed.  A sample 
size of 55 per group for a future trial should be sufficient and allows for small levels 
of non-adherence.  However, given the experience of this feasibility RCT, 40% 
incompletion rate is more likely; thus, the sample size would double to 110 per 
group. 
Projected sample size for a future cluster-RCT. 
 Cluster randomisation may expose similarities between individuals within a 
cluster and promote Type 1 error (676).  Using data from the ICC (0.99) for the FTSST 
and a Minimal Clinically Important Difference (MCID) (2.3s), a Design Effect was 
calculated using: 




𝐷𝑒𝑠𝑖𝑔𝑛 𝐸𝑓𝑓𝑒𝑐𝑡 = 1 + (𝑛 − 1)x 0.99 = 3.97 
Due to poor adherence, double the numbers of clusters (8) was thought necessary, 
to produce a total of 30 fully adherent participants, thus n = 4. 
For a comparison of means, in a two-arm trial with equal allocation, the 
required number of individuals per group = m, is calculated (677)  as  
where Zx is the xth percentage point of the standard normal distribution; ∆ is the 
clinically important difference in treatment means and σ2 the variance in the 
outcome.  Average standard deviation = 3.97, variance = 15.6, z1-α-2 = 1.96 
z1-β = -0.82. 
Thus, m = (1.96 - 0.82)2 x (2 x 15.6) x 3.97 = 30 per group 
                              2.32 
Therefore, the total sample size would be 60.  Noting poor adherence, 120 
participants would be more realistic should a cluster design be employed.  
Objective 3. Adherence 
Adherence, exercise regimens and relationship to best practice 
guidelines. 
Overall, a total of 30 participants completed the interventions.  Exercise logs were 
lost in several cases, and incomplete in others.  Of 14 OEP participants, three were 
missing all adherence data, and three were missing adherence data between 3- and 
6-month appointments.  Between enrolment and the 3-month visit, five (54.5%) were 
exercising ≥4 times/week, and five (45.5%) were exercising <4 times/ week.  
Between the 3- and 6-month visits, five (62.5%) were exercising ≥4 times/ week, and 
three (37.5%) were exercising <4 times/week.  




Of 16 WBB participants, six provided no adherence data, and seven were 
missing adherence data between their 3- and 6-month appointment.  Between 
enrolment and the 3-month visit, nine (90%) were exercising ≥4 times/week, and one 
(10%) was exercising <4 times/week.  Between the 3- and 6-month visits, two 
(66.7%) were exercising ≥4 times/ week, and one (33.3%) was exercising <4 
times/week. 
Table 16 describes the 3- and 6-month adherence, overall rates of adherence, 
time spent exercising, and exercise sessions for both intervention groups.  The 
overall rate of adherence to the exercise interventions was 25% for the OEP and 2% 
for the WBB (p < .001).  Just over half (53%) of OEP participants exercised 100-
minutes/week, whereas less than one third (31%) of WBB participants exercised for 
130-minutes/week (p = .131).  The overall rate of adherence based on >2 
hours/week was 38% for the OEP and 41% for the WBB (p = .832); whereas the 
overall rate of adherence based on more than 150 minutes/week (gold standard) 
was 14% for the OEP and 20% for the WBB (p = .558).   
Full adherence. 
No participant in either group completed 100% of the prescribed exercises at 
the prescribed frequency, or 150 minutes of exercise/week.  Furthermore, only one 
participant in the WBB group exceeded 2 hours/week.  It could not be determined 
whether the total exposure of >50 hours over six months (best practice guideline) 
was met, because 12 participants had less than 6-months data (and nine had more 
than 6-months of data).   




Partial adherence (using both a 40% and 50% threshold). 
Based on the prescribed exercises at a set frequency. 
One OEP participant (9%) and no participant in the WBB intervention partially 
adhered using a 50% threshold, whereas two participants (18%) in the OEP and 
none in the WBB intervention partially adhered using a 40% threshold. 
Based on >2 hours per week. 
Four OEP participants (36%) partially adhered using both a 40% and 50% 
threshold, where three WBB participants (30%) partially adhered using a 50% 
threshold and 40% (n = 4) partially adhered using a 40% threshold. 
 




Table 16.  Minutes and exercise sessions/week for both interventions. 
Regimen and adherence OEP WBB  p-values 
 Time 1: 
3-months 
N = 11 
Time 2: 
6-months 
N = 8 
Overall 
N = 11 
Time 1: 
3-months 
N = 10 
Time 2: 
6-months 
N = 3 
Overall 
N = 10 
Otago 
3 vs 6 
month 
WBB 





















.048* .256 .689 .798 .638 
Average exercise sessions/week 4.8 (1.9) 4.7 (1.9) 4.6 (1.7) 5.9 (1.8) 4.9 (1.8) 5.8 (1.9) .048* .292 .193 .833 .134 
Programme 
sessions/week 
2.1 (0.7) 2 (0.7) 2.1 (0.6) 2.5 (1.1) 2.5 (0.3) 2.5 (1.1) .095 .872 .415 .264 .400 
Walk sessions/week 2.6 (1.4) 2.7 (1.7) 2.8 (1.5) 3.4 (1.0) 2.5 (1.6) 3.3 (1.1) .105 .247 .175 .839 .362 
Adherence             











.089 .543 .920 .877 .832 








13.3% (23.1) 19.7% (29) .308 .552 .640 .869 .558 








17.5% (20.5) 30.9% (29) .074 .010* .093 .171 .131 







1.8% (4.4) 0 1.7% (4.1) .067 .423 <.001 a** .085 a .001 a* 
 
Note: For average minutes exercise and average exercise session, means are presented with standard deviations in parentheses. For all adherence 
variables, mean proportions are presented with standard deviations in parentheses. a Mann-Whitney U test performed.  *p < .05. **p < .001.




Based on >150 minutes per week. 
One OEP participant partially adhered using a 40% threshold, and one 
participant in the WBB intervention partially adhered using both the 40% and 50% 
threshold.  
Adherence to best practice guidelines. 
The mean exercise regimen for OEP participants was 96 minutes/week (SD = 
34.9; range: 50.6 – 150.3), and for WBB participants was 103.1 minutes/week (SD = 
33.5; range: 59.4 – 171.2).  The mean exercise regimen in both groups falls short of 
best practice guidelines.  See Figure 15 for a box and whisker plot of minutes spent 
exercising per week for each intervention.  
 Figure 15. Intervention minutes spent exercising per week. 
 
Relationship between adherence and intervention efficacy (i.e. falls). 
There were no significant differences in intervention adherence rates between 
participants who had and had not fallen in the previous year (all p values < .145), or 
between participants who had and had not fallen during the study intervention period 
(all p values < .192).  




Intrinsic factors influencing adherence. 
Appendix X Additional Data for Results Chapter shows an analysis of demographic 
factors and scores from questionnaires with the potential to impact adherence.  No 
intrinsic factors appeared to have influenced adherence in either intervention groups, 
including previous falls and fall risk.  Partial adherence to >2 hours per week at a 
50% threshold was used for the results shown in the Table, due to poor levels of full 
adherence.  Calculations are shown for the three-month timeline.  Attrition was more 
marked at six months, leaving too little data for computation.  
Objective 4. Costs of the Feasibility Study and a Future RCT 
Costs of feasibility RCT. 
 The breakdown of a total study cost of R203 456.26 is shown in Appendix Y.  
Staff salary figures are 2018 rates applicable to contract staff.   
Total cost per participant. 
Costs per participant in an exercise intervention amount to R6 781.87 (given 30 
participants).  Expenses per participant including the costs group are R3 507.86.  
Costs participants required no contact with the physiotherapist, thus overall costs are 
reduced.  Moreover, few costs participants were seen for follow-up, which reduced 
hours for data collection at three and six months.  
Projected costs for a future RCT. 
An overall sum of R813 824.40 would be required for a two-armed trial including 
120 participants.  Adding a usual care group of 60 at R3 507.86 would increase the 
costs to R1 024 296.  Should a future trial include sponsorship by international grant 
funders, additional costs for institutional ethics approval from UCT would be 
R14 980.  Should industry fund the trial, this fee increases to R31 993. 
 




Objective 5. Utility of Physical Outcome Measures 
Results of inter-rater reliability tests are discussed first. 
Intraclass correlation coefficients results. 
  Intraclass correlation coefficients (ICC) were calculated for several critical 
measures.  Results may range from 0 (indicating no reliability) and 1, which 
represents perfect reliability with no measurement error (678).  Values between 0.75 – 
0.9 are regarded as good reliability; while >0.90 is excellent (678).  Inter-rater reliability 
was high for all Romberg measures (ICC = 1.00, 95%CI: 0.99 – 1.00), FTSST (ICC = 
0.99, 95%CI: 0.80 – 0.99), and preferred walking speed (ICC = 0.92, 95%CI: 0.66 – 
0.98).  The researcher and assistant scored items such as stepping over and around 
obstacles (DGI) identically. 
Appropriateness of outcome measures. 
 All physical endpoints were attempted at least once by each participant.  No 
participant refused outcome measures at the enrolment session, although a number 
mentioned apprehension for the eyes closed (EC) on foam (embedded in Mini-
BESTest) at follow-up. 
Proportion of participants meeting normative levels for physical end-
points. 
Varying degrees of challenge were apparent for balance endpoints.  Most 
difficult was the sharpened Romberg EC, followed by 30s stand EC on foam, 
FTSST, and then sharpened Romberg eyes open (EO).  Overall, the costs group 
performed more poorly than the exercise intervention groups.  Standard Romberg 
with EO was achieved by all participants at every time point and is likely to have a 
ceiling effect.  In contrast, sharpened Romberg EC was achieved by 12.7% of the 
baseline all-group sample and might be vulnerable to floor effects.     




Table 17 presents the proportion of participants who were able to perform at 
or above normative levels for the tests of static and dynamic balance.  
 









n = 14 
OEP 3 
months 
n = 14 
OEP 6 
months 
n = 13 
WBB 
baseline 
n = 16 
WBB 3 
months 
n = 16 
WBB 6 
months 
n = 13 
Costs 
baseline 
n = 8 
Mini-BESTest    13 
(92.9%) 
13 (100%) b 
10 (83.3%) 
a 




Stand on foam 
EC  










11 (100%) c 12 (75%) 13 (81.2%) 
10 
(76.9%) 
5 (71.4%) g 
Standard 
Romberg EO 










1 (9.1%) c 2 (25%) e 3 (20%) f 1 (6.7%) f 
4 (36.4%) 
c 
0 (0%) g 
Legend: EC: eyes closed; EO: eyes open.  All test outcomes except Mini-BESTest are measured in seconds. 
 
a Data based on 12 participants. b Data based on 13 participants. c Data based on 11 participants. d Data based on 10 participants. e Data based on 8 participants. f Data based 
on 15 participants. g Data based on 7 participants.   
 





Responsiveness43 of tests is an important consideration when selecting 
endpoints for clinical trials.  Table 18 depicts MCID for four balance endpoints and 
the proportion of participants who achieved MCID.  Note the FTSST was particularly 
poor for the OEP group, while MCID changes in preferred walking speed were 
demonstrated, albeit in small proportions of participants. 
Training and permissions for a trial in a resource-constrained setting. 
Training was described in the Chapter VI.  Methodology and was accomplished 
with ease.  Outcome measures were accessible and permission to use the two 
interventions was granted quickly and easily.  The only test incurring a once-off fee 





43 See Glossary of Terms. 




Table 18.  Participants achieving MCID on physical endpoints.   





Baseline - 3 
months 
n = 14 
Time 2:  
3 - 6 
months 




n = 13 
Time 1:  
Baseline - 
3 months 
n = 16 
Time 2:  
3 - 6 
months 




n = 13 
Mini-
BESTest  
(>4 points)   





2 (15.4%) a 5 (41.7%) b 3 (27.3%) d 3 (18.8%) 2 (15.4%) 4 (30.8%) 
FTSST 
(>2.3s) 




1(10%) c 2 (18.2%) d 0 e 1 (8.3%) b 1 (7.7%) 0 f 
 
Legend: FTSST: five times sit to stand test. 
 
a Data based on 13 participants. b Data based on 12 participants. c Data based on 10 participants. d Data based on 










Results of Aim 2   
Aim 2 sought preliminary evidence for the effect of the interventions on fall 
occurrence and changes in balance in exercise participants.  This section describes 
the participants’ physical endpoints at baseline, and then provides comparison with 
analysis at two further time points.  Quantitative measures of the exercise 
participants’ experience follow with Borg Rating of Perceived Exertion (RPE) and 
Systems Usability Scale results.   
The statistical analysis was as follows: 
• Three analyses of baseline measures (WBB vs costs; OEP vs costs and WBB 
vs OEP). 
• Between-group analyses compared changes from baseline-3 months, 3-6 
months, and baseline-6 months for both exercise interventions. 
• Within-group analyses were conducted for within each of the WBB and OEP 
groups comparing baseline-3 months, and 3-6 months. 
• The repeated analyses (eight in total) equates to a Bonferroni corrected p-
value of 0.006. 
Endpoints related to physical activity and balance. 
Baseline static and dynamic balance. 
At baseline, there were significant between-group differences for the FICSIT-4 
score (p = .024) and Dynamic Gait Index (DGI) (p = .001).  Post-hoc comparisons 
revealed that participants in the WBB group had a significantly higher FICSIT-4 
score (p = .007) compared to those in the costs group.  WBB participants also had a 
significantly higher DGI compared to those in the costs (p < .001) and OEP (p = 
.005) groups.  These results suggest at the outset, WBB participants’ baseline static 




(FICSIT-4) balance was superior to the costs group; and DGI was better for the WBB 
participants than for either of the other groups. 
Intervention group differences in change scores. 
One-way ANOVAs revealed significant between-group difference for the TUG 
(F (5,77) = 2.51, p = .038), and Mini-BESTest (F (5,75) = 3.89, p = .004).  TUG 
scores are discussed first.  Post-hoc comparisons revealed that WBB participants 
showed a statistically significant difference between their baseline-3 months, and 3-6 
month change in TUG scores (p = .001).  From baseline-3 months, participants’ 
scores in seconds decreased by 0.5±0.7, whereas from 3-6 months participants 
scores increased by 1.1±0.6.  A decrease in the time taken to execute the TUG 
suggests a slight improvement in the short term, but this was not sustained.   
While OEP participants showed an average decrease in Mini-BESTest scores 
of 0.8 ±16.2 from baseline to 6-months, participants in the WBB group showed an 
average increase of 3.7 ±7.8 over the same period (p = .004).  Thus, OEP 
participants experienced negligible change in balance over a six-month period, while 
the WBB group improved in terms of both statistical and clinical significance, over 
the same time.  Results of physical endpoints for balance are shown in Table 19. 
 




Table 19.  Between-group differences in physical endpoints over time. 





n = 14 
OEP 
3 months 
n = 14 
OEP 
6 months 
n = 13 
WBB 
baseline 
n = 16 
WBB 
3 months 
n = 16 
WBB 
6 months 
n = 13 
Costs 
baseline 







Standard Romberg EO (s) 30 (0) 30 (0) a 30 (0) d 30 (0) 30 (0) 30 (0) 30 (0) - - - 
Standard Romberg EC (s) 27.1 (7.3) 30 (0) a 30 (0) d 30 (0) 29.5 (1.9) 30 (0) 26.9 (8.7) 1.15 .327 .06 
Semi-tandem Romberg EO (s) 30 (0) 30 (0) a 30 (0) d 30 (0) 30 (0) 30 (0) 30 (0) g - - - 
Semi-tandem Romberg EC (s) 22.8 (11.8) 26.6 (6.8) a 24.2 (10.9) d 28.6 (5.5) 30 (0) 27.1 (7.3) 30 (0) g 2.58 .090 .13 
Sharpened (full tandem) 
Romberg EO (s) 
25.8 (7.6) a 27.8 (7.4) b 23.7 (11.1) c 27.5 (6.6) f 23.9 (11.0) 23.2 (11.5) 
21.8 (11.1) 
g 
1.22 .307 .07 
Sharpened (full tandem) 
Romberg EC (s) 
9.4 (10.8) b 9.2 (10.7) b 6.5 (4.8) e 
13.2 (11.1) 
f 
9.4 (9.9) f 6.9 (7.4) b 5.7 (10.7) g 
1.18 .321 .07 
SLS EO worst leg (s) 4.4 (3.8) a 5.4 (5.7) a 2.2 (1.6) d 8.5 (8.0) 7.4 (6.3) 5.7 (6.7) 3.9 (6.6) 1.96 .156 .10 
FICSIT-4 Score 23.2 (3.4) a 24.3 (3.1) d 22.6 (4.3) b 25 (2.7) 24.6 (2.4) 23.7 (2.95) 20.5 (5.3) 4.18 .024* .20 
Mini-BESTest    20.4 (2.1) 20.2 (2.0) a 19.6 (3.9) d 22.5 (2) 21.6 (1.9) 22.6 (2.9) 19.6 (5.2) 3.09 .058 .15 
Preferred walking speed (3m/s) 3.1 (0.8) 2.6 (0.6) a 3.0 (0.6) d 2.97 (0.46) 2.7 (0.4) 2.7 (0.6) 3.3 (0.7) g 0.67 .517 .04 




Stand on foam EC (seconds)  17.3 (13.3) 
16.6 (12.2) 
a 
9.3 (10.7) b 22.9 (10.9) 28.4 (6.3) 28.6 (5.1) 18.7 (13.6) 
0.84 .440 .05 
FTSST 18.8 (5.2) d 17.5 (5.9) a 14.2 (1.6) b 16.0 (3.7) 14.8 (4.0) 14.9 (3.3) 20.1 (5.4) g 2.35 .111 .13 
TUG-simple (s) 11.5 (3.2) 10.9 (1.0) 11.75 (2.8) 9.9 (1.2) 9.4 (1.2) 10.4 (1.3) 12.2 (1.9) 3.08 .058 .15 
TUG-cognitive (s) 14.9 (3.6) 14.6 (2.3) 14.1 (2.9) 13.1 (3.4) 12.3 (2.2) 12.54 (2.3) 14.8 (3.2) 1.26 .298 .07 
DGI total score 20.7 (3.0) 22.2 (0.9) a 20.1 (4.9) d 23.2 (0.8) 22.6 (1.3) 22.8 (1.0) 18.5 (4.6) 7.92 .001* .31 
Legend:  EO: eye open; EC: eyes closed; DGI: Dynamic Gait Index; SLS: single leg stance, FICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Techniques Score, FTSST; five 
times sit to stand test; (s): seconds; TUG: Timed-up and Go.a Data based on 13 participants. b Data based on 11 participants. c Data based on 10 participants. d Data based on 12 participants. e 
Data based on 8 participants. f Data based on 15 participants. g Data based on 7 participants. 




While the data showed negligible change on TUG between groups, and an 
improvement in the Mini-BESTest score for the WBB group over time, these statistical 
differences, while significant, require extrapolation into changes which might make a 
difference to participants’ balance and related fall risk.  Thus, MCID were analysed (Please 
refer to Table 18 in the previous section, which shows the proportion of participants 
reaching MCID for selected outcome measures).  Preferred walking speed improved in some 
exercise participants (OEP: 27.3% and WBB: 30.8%).  Endpoints like FTSST and pivot turn 
and stop were essentially unchanged at six months.  The Mini-BESTest showed a very small 
proportion of participants reaching MCID levels.  
Falls. 
Direct medical costs related to falls. 
 No participant offered data related to direct or indirect expenses due to fall 
occurrence.  However, both interventions were examined as to the occurrence of 
previous falls, falls during the trial, and fall severity.  Feasibility of either intervention 
would be suggested if the rate of falls is reduced by 17% (which represents half the 
usual risk for older adults falling within one year, see Chapter I.  Fall Risk Factors in Older 
Adulthood.   
Association between outcome measures, fall risk and fall occurrence. 
Association between previous falls and endpoints. 
Participants’ falls in the year prior to enrolment were not associated with any 
outcome measures at baseline, except the FRAT-up score.  In the OEP  
(t (12) = -2.84, p = .015); WBB (t (14) = -4.31, p = .001) and costs (t (6) = -3.55, p = 
.012) groups, those who had fallen in the past year had significantly higher FRAT-up 
scores (indicating greater risk for falls) compared with those who had not fallen in the 
past year.  
 




Having fallen in the past year was associated with some changes in outcome 
measures.  In the OEP group from baseline to 3-months, those who had fallen in the 
past year had a significantly larger decrease in EQ-5D-3L overall scores (U = 7.50, p 
=.029).  Unexpectedly, those who had fallen experienced a larger decrease in the 
pivot turn and stop scores (U = 0.50, p =.017) compared to those who had not fallen 
in the past year.  The latter result is likely skewed by very fragile sample size for the 
calculation. 
From 3- to 6-months, OEP participants who had fallen in the past year had a 
significantly larger decrease in Sharpened Romberg EC scores (U < 0.01, p =.036), 
and a larger decrease in DGI scores (U = 3.00, p =.030) compared to those who had 
not fallen in the past year.  From baseline to 6-months, those who had fallen in the 
past year had a significantly larger decrease in FTSST scores (U < 0.01, p =.008), 
and a larger decrease in gait speed (U = 5.50, p =.048) compared to those who had 
not fallen in the past year.  In the WBB group, from baseline to 6-months, those who 
had fallen in the past year had a significantly smaller decrease in FTSST scores (U < 
0.01, p =.001) compared to those who had not fallen in the past year.  Expressed 
simply, OEP participants with prior falls experienced a decline in balance, not 
experienced by WBB participants. 
Association between falls during the study and endpoints. 
Having fallen during the study was associated with several outcome 
measures.  OEP participants who fell during the study had significantly lower GDS 
scores at baseline (U = 6.50, p =.045), lower EQ5D-3L scores at baseline (U < .001, 
p = .001), higher FICSIT-4 scores at 3-months (U = 2.00, p = .016), and higher 
EDQD-VAS scores at 3-months (U = 6.00, p = .029) compared to those who did not 
report falls during the study.  Thus, those who fell presented a complex picture of 




less depression, but poorer QoL at study induction.  Better balance and QoL could 
have prompted more activity and thus increased fall risk. 
WBB participants who fell during the study had significantly higher FTSST 
scores at baseline (U = 5.00, p =.020), lower SEE scores at 3-months (U = 6.50 , p = 
.040), higher TUG simple scores at 3-months (U = 6.00, p = .030), higher TUG-
cognitive scores at 3-months (U = 5.00, p = .020), and at 6-months (U = 2.00, p = 
.028), and higher FTSST at 6-months (U = 3.00, p = .049) compared to those who 
did not report falls during the study.  Thus, in this instance deterioration in TUG 
simple, cognitive and FTSST appear to correlate with fall events. 
Fall risk baseline data and falls in preceding year. 
The following variables were explored to seek correlations between fall events in 
the preceding year and baseline data to examine if fall risk factors were predictive of 
falls: 
• A >10% difference between TUG simple and TUG cognitive. 
• TUG with cut-off points of 9s, 10s, >12 s, 12.47s, and 15s respectively. 
• DGI <19. 
• Pivot turn and stop requiring >4 steps. 
• Presence of ≥4 medications. 
• FTSST >15s. 
There was no significant association between any of the above fall risk factors 
(measured at baseline) and having fallen during the past year in either the OEP, 
WBB, or cost groups (all p values >.107).  
 
 




Fall risk baseline data and falls during study. 
There was no significant association between any of the fall risk factors and 
having fallen during the study in either the OEP, WBB or cost groups (all p values 
>.126), with one exception.  In the WBB group, those on ≥4 medications were 
significantly more likely to have fallen during the study compared to those on less 
than four medications (75% vs 25%, p = .041, V = 0.65).  
The following section presents data related to the exercise regimen, falls, and 
changes in physical endpoints.  The assumption that more exercise is better was 
made, resulting in 1-tailed correlational statistics.   
Fall risk, fall events and changes in physical endpoints between 
intervention groups. 
Outcome measures were evaluated against previous falls and fall events at 
three time points: study entry (baseline), three, and six months. The following 
endpoints were considered:  
• A difference of >10% in the time in seconds between TUG simple and 
cognitive conditions, referred to here as Dual TUG (with cognitive being 
slower than simple). 
• DGI <19. 
• > four steps on pivot turn and stop. 
• TUG simple scores with cut-off scores in seconds of 12, 9, 10, 15, and 
12.47. 
• FTSST score of >15 seconds. 
 




Risk of falls. 
Impact of Exercise Regimen on Physical Endpoints and Falls. 
For the OEP group, from baseline-3 months, minutes of exercise was 
significantly negatively correlated with change in Romberg EC scores (r = -.671, p = 
.017), and significantly positively correlated with change in Dual TUG scores (r = 
.557, p = .047).  From 3- to 6-months, minutes of exercise was significantly 
negatively correlated with change in TUG scores (r = -.634, p = .046), and 
significantly positively correlated with change in semi-tandem EC scores (r = .643, p 
= .043) and DGI (r = .637, p = .045).  In the WBB group, similar results were 
observed from baseline-3 months.  Minutes of exercise was significantly negatively 
correlated with change in Romberg EC scores (r = -.743, p = .007), and significantly 
positively correlated with change in Dual TUG scores (r = .653, p = .020).  The 
negative correlation between minutes of exercise and changes in Romberg scores 
indicates that more minutes of exercise is related to less change in the Romberg 
outcomes.  
There was no significant difference in exercise time per week between those 
who did and did not fall in the past year (OEP group:  p = .436; WBB group: p = 
.310), or during the study (OEP group:  p = .230; WBB group: p = .276).   
Experience of the Interventions 
Quantitative data. 
 Borg RPE. 
Exercise intensity as measured by the Borg RPE was a mean of 11.3 (SD = 
1.7) for OEP participants (range: 9 - 15) and 11.2 (SD = 1.9) for the WBB group 
(range: 9 - 15).  Perceived intensity of exercise did not differ significantly between 
the two intervention groups (t (18) = 0.18, p = 857).  




Experience of the WBB 
 WBB participants perceived the intervention as a user-friendly technology 
based on SUS results.  Their opinions are shown in the pie chart in Figure 16.  This 
is in marked contrast with the focus group responses, where participants voiced 
irritation with various aspects of the programme. 
 Figure 16. SUS results for user-friendliness of WBB (number, %). 
Figure 17 and  Figure 18 display histograms of responses to the SUS.  
Interestingly, there are several differences between opinion of the SUS and those 
voiced in the focus groups.  For example, 13 participants disagreed with the 
statement that the games were difficult to use (Figure 17).  Although this correlates 
with a similar SUS finding for the statement of the games’ complexity, focus group 
data suggest frustration with the programme and a wish to circumvent aspects of it.  
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  Figure 17. WBB participants' views of the intervention. 
 Figure 18 shows most participants disagreed with the statement that they 
would like to use the WBB frequently, which correlates with adherence data and the 
barriers to participation discussed by the focus groups.  They expressed confidence 
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 Figure 18. WBB participants' views on SUS (cont.). 
Exercise participants’ views of the interventions and falls are explored further 
in the following section, which presents the qualitative findings.  The results from the 
qualitative component of this mixed method study are presented utilising the COREQ 
checklist (5). 
Domain 1: Research Team and Reflexivity 
Personal characteristics and facilitator’s relationship with participants. 
Focus group facilitator/s: the researcher made a conscious decision not to run 
the groups herself to encourage candid feedback regarding the interventions.  The 
research assistant facilitated the focus groups and her qualifications are outlined in 
the Chapter VI.  Methodology.  While interested in falls and vestibular issues, her 



























Strongly agree/Agree Neutral Strongly disagree/Disagree
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significantly influence the focus groups’ direction.  It is possible a tacit impression of 
the benefit of the interventions may have resulted from endpoint assessments; 
however, she was uninformed regarding the overall results of the study.  
The research assistant was cautioned to maintain neutral body language and 
show neither endorsement nor disfavour towards views expressed.  The co-facilitator 
had a more logistical role in supporting the facilitator and did not actively participate 
other than ensuring participants were comfortable.  
Domain 2: Study Design 
Theoretical framework. 
 Steps describing content analysis are outlined in the Chapter VI.  Methodology. 
Participant selection, recruitment, and study settings. 
Selection, recruitment, and eligibility criteria are described in the Chapter VI.  
Methodology. 
Both WBB sites were used to host focus groups.  Site D was used for an OEP 
group, as attrition was marked and interest in a focus group lacking at site A.  One 
participant from Site A agreed to join the focus group at Site D (where he was 
acquainted with some participants) and then withdrew.  One WBB participant at Site 
C forgot the appointment.  The lounges at the three sites were booked for exclusive 
use during the focus groups thus, ensuring privacy.  Overall six participants from Site 
B and four from Site C participated in WBB groups (collapsed into one set of results) 
and four participants comprised the OEP group.  Of the ten WBB participants, one 
was male.  One male participated in the OEP group. 




Data collection and management. 
 Data were collected as previously described44.  Groups lasted one and half 
hours as planned.  Data saturation was not discussed at the time, as only one group 
per intervention per site was thought feasible due to participants’ flagging interest.  
Transcripts were not returned to participants due to the additional burden with an 
already research-fatigued participant population.  However, the resulting analysis 
was reviewed by the facilitator who agreed that the essence of the discussion had 
been captured appropriately. 
Domain 3: Analysis and Findings 
Data coding. 
  Use of NVivo® software to assist with data analysis was envisaged.  
However, as expected with an individualistic social psychology perspective (655)  the 
analysis required only standard word processing software45.  Groups generated 
basic information and simple qualitative description.  Thus, steps for data coding and 
creation of categories and themes are described in the Chapter VI.  Methodology. 
Figure 19 demonstrates the process of assigning a theme for the construct of 
falls.  Similar processes were followed for development of all the themes but are not 
shown.   
 
44 See Chapter VI.  Methodology. 
45 Microsoft Office 365. 





    Legend: P = participant 
 Figure 19. Steps towards abstracting data to a theme. 
Participants’ attitudes towards falls and fall prevention. 
 Theme: It’s about more than just a fall… 
This section relates to data from all focus groups46.  Participants noted the 
inter-relationships of the constructs which emerged during the Post-it™ note 
individual activity used to initiate discussion.  Key issues based on the frequency 
during discussion were: 
 
46 Site B and C were WBB groups, site D was the OEP group. 
- 




Fear of falling (19 mentions), and previous injurious falls (14 mentions), which 
subsequently enhanced fear of falling.  Sticky notes for WBB posters included the 
words incapacitated, terrified, fright, disaster, pain, and embarrassing to symbolise 
the overall construct of falls.  OEP participants’ key words included damage, fracture, 
and anxiety.   
Site C participant47 (P)1’s opinion that: “I think it’s the incapacity…the injury 
and all that, that’s why you’re scared,” demonstrates a strong association between 
fear of falling and injurious falls.  Consequences of falls were discussed with 
reference to a potential loss of independence, a serious concern voiced across all 
groups.  Site B P6’s statement reflects the groups’ overall discussion: 
 I must say that the pain, the pain of it (a fall48) doesn’t bother 
me at all.  (But) the fear of a broken bone, and the long-term effects of 
it, which could, depending on how old you are, last for the rest of your 
life.  That’s what really concerns me.  It might send me over to Site A 
(reference to neighbouring facility with frail care facilities)!  Because of 
a broken bone, and I am no longer able to look after myself. …It’s all 
the long-terms effects that concern me.    
Site B P1 echoed with: “It (a fall) takes a second, it takes a minute, and you 
live with it for several weeks.”  Site B P5 added: “I think I am very independent.  
(And), the thought of having to be dependent on people just freaks me out totally!” 
Figure 20 shows a word cloud of words used by participants to describe their 
construct of falls.  The larger words were mentioned most frequently. 
 
47 No participant elected to assume a pseudonym.  Due to the mixed methods design, assigning 
participants P1, P2 etc., was considered acceptable. 
48 Note: items in italics and parenthesised are insertions/changes by the researcher to aid with context 
or grammatical issues. 




Figure 20. Word cloud of participants' constructs of falls. 
Recognition of extrinsic risk factors contributing to falls.  Extrinsic risk factors 
contributing to falls were mentioned frequently (20 times).  The quotation from Site C 
P4 in    Legend: P = participant 
 Figure 19 describes a combination of intrinsic and extrinsic risks (discussed 
below).  She speaks of rushing around and not remaining focussed on foot position 
(intrinsic risk) and then stumbling over tree roots which have caused pavements to 
be very uneven (extrinsic risk).  
Participants were preoccupied with negotiating the built environment.  Site B P3 
noted:  
“I have, sure, used steps many a time.  Going up is fine but going down!  I feel 
more vulnerable than I used to be… I (just) can’t, just like in the olden days, just go 
down.”   
The need for increased vigilance was a recurrent condensed meaning unit 
contributing to the theme.  Site B P4 agreed and noted the need for adapting 
behaviour: 
- 




 “Ah, I don’t let anyone come behind me (when negotiating steps)!  I must be the 
one at the back, so I am not panicky when I am going down the stairs, and I hold on 
very carefully.”  
Recognition of intrinsic risk factors contributing to falls (19 mentions).  
Participants showed some insight into intrinsic risks and management strategies 
developed during the intervention.  Site C P3 described risk management:  
Well, I have to tell you, well yes, I do now (implement fall prevention 
strategies) because I’ve been made aware (by the intervention).  I’ve 
also been made aware of my feet. What’s happening to my feet.  And 
it’s umm, I am so aware of that now, and it (WBB) has definitely helped 
me! I umm, probably shouldn’t say the next thing, but I am.  The last 
few weeks almost, I can’t tell you what a big change it’s (WBB) made 
in my life! And my family noticed that! (Facilitator uses a continuer to 
encourage more detail).  They say I am walking better! (Before the 
intervention) I think I must have slowed down; and was looking at my 
feet and going on oddly. 
Others expressed different views towards falls.  Participants cited lack of 
concentration or confidence, inability to dual-task, rushing and carelessness 
contributing to fall events.  Site B P2 noted: “I can trip over fresh air!”.  Increased 
awareness of intrinsic risk was noted by participants.  Ageing was mentioned as a 
contributor to falls, particularly feeling younger than one’s chronological age.  Site B 
P2 quipped: “Just believing that I’m 35 (years old) instead of a lot more!” (Laughter in 
the room).   
Participants acknowledged the impact of health on fall risk.  Site B P2 and P5 
recognised that balance is important for fall prevention, views echoed by participants 




at Site D.  Perception of balance difficulty and the desire for help with medical issues 
was noted.  For several, chronic imbalance was a key motivator to join the 
intervention programme.  Site C P3 revealed:  
“Wobbly, I felt wobbly.  The first thing I did was race up to Christine when she 
addressed us here (recruitment session).  And said, ‘I am wobbly!  Can I join the 
programme? Would it help me?’” 
WBB participants’49 experience of the intervention. 
Theme: acceptance and commitment. 
Key words from the Post-It™ note exercise regarding the experience of the 
WBB intervention were motivation and benefit.  The theme of acceptance and 
commitment was developed.  Acceptance commenced with realisation of the need 
for an intervention to improve balance.  Both groups voiced sentiments of 
acceptance of being “older and wonkier” (Site C P1).  The category of I am not as I 
was shaped the notion of acceptance of change, and that this change was not 
necessarily positive.   
At times, curiosity prompted interest in enrolling.  As Site C P4 noted: 
“Because I was curious about it, and thought I needed a few more challenges in my 
life.”  Site C P1 had been considering self-help strategies to manage her fear of 
falling and arrived with high hopes: 
 I just thought it was going to be absolutely fantastic! I’ve been 
concerned about falling for a long time.  And I have seen stuff on TV 
about doing things to help yourself.  And that’s why I (actually) came 
along, I thought it was going to be good! 
 
49 The findings from both WBB groups are combined in this section. 




Participants discussed factors enhancing commitment to the intervention.  
Realisation that WBB promoted awareness of balance perturbations, and improved 
reaction times and balance was evident.  Site C P3 commented: 
“Umm, just realising how our reaction times vary, whether you’re falling 
backwards, falling forwards, falling sideways (body awareness created by WBB). 
…We are more aware of our posture, of our body, and what we are doing at the 
time.” 
P1, 2, and 5 from Site B similarly mentioned the desire to improve their 
balance, or to prevent deterioration of balance.  As P5 opined: “I do think that (umm, 
eh) having good balance is fantastic!  And, I think at the end of it, that it’s what 
(actually) prevents falls, really.” 
Altruistic reasons for enrolling were noted.  One participant (Site B P4) 
enjoyed contributing to research projects and found the rationale for the study 
appealing.  She thought the intervention might be helpful in rehabilitation settings 
and for fall education purposes.  Site B P3 suggested that research into ageing 
concerns will make her and her children’s generation “even better off at 70 (years) 
than I am.”  
Commitment was likely enhanced by a sense of mastery over balance-related 
tasks when playing.  Both groups discussed specific games related to balance 
demands.  Games had with increasing balance challenges, which were met.  The 
following exchange is telling: 
Site C P1: “So you’re not hanging onto any support?” 
Site C P4: “I’m not hanging onto stuff.”  
Group: “Oh, wow.” 




Participants appreciated the stimulating and “clever” aspects of the WBB and 
related improvement back to the construct of fall risk.  Site C P2 noted:  
“You can quite easily fall. So, you’ve got to be aware. (And I) I think, ahh the 
exercises you know, the whole discipline helps you to become more aware.  You 
know, of what’s going on around you. I think it’s quite clever!”  
Site B P5 concurred: “One of the things, I do think, that this (WBB) does, is 
makes one mindful.  You know, like the water mindful50.  You are mindful of exercise 
and doing things.  And I think that is good!” 
Commitment and motivation can be argued to be symbiotic.  Motivation was a 
recurring category (26 condensed meaning units).  Commitment wavered in both 
WBB groups.  Site B P2 (who was poorly adherent) mentioned: 
 “Umm, I enjoyed it!  I found the difficult bit was making up my mind to do it!  
Once you’ve started, you carry on, but I think my balance improved a little bit.” 
Similarly, Site B P4 added that she became annoyed with herself for not 
continuing with the intervention, especially as she was improving.  Participants 
mentioned waning interest over time.  Site C P3 summed succinctly:  
Umm, I stayed because it was fun! I ran out of steam at the end.  
I almost felt I needed motivating again.  I was like: ‘come on now, rally 
yourself again.’  Umm, (that was), I sort of got slap51 in the end. 
 
50 Reference to the worst drought in Cape Town in 100 years.  At one point in 2018, the prospect of 
taps running dry was weeks away and strict rationing was/remains in place.  Reference:  retrieved 9 
April 2019 from https://www.news.uct.ac.za/article/-2019-01-29-cape-towns-drought-under-the-
microscope 
51 The term ‘slap’ is an Afrikaans word meaning limp.  The term is used commonly to describe flaccid, 
over-cooked, limp potato chips (French fries), which are popular in the Western Cape.  Reference: 
Retrieved 8 January 2019 from https://theculturetrip.com/africa/south-africa/articles/18-south-african-
slang-words-and-phrases-you-should-know/ 
 
   




Despite the poor adherence described in the quantitative results, some 
positive aspects relate to motivation.  Particularly for Site B, the intervention 
promoted renewed interest in other forms of exercise and most continued with the 
walking programme.  P3 walked and added aqua aerobics and Pilates to her training 
regimen.  P6 continues to walk in his 91st year.  P4 perceived improvements, which 
then facilitated group exercise, which she found more enjoyable, and started line- 
dancing and yoga classes.   
Participants frequently described themselves as lacking in ‘discipline’ (15 
mentions).  Site B P1, whose adherence was very poor, noted: 
 I went through the course with a permanent guilty conscience. 
You know, I never improved with the balance exercises on the TV, on 
the video (WBB).  I just never improved, and I really did try.   I don’t 
think I gave it my best shot because mainly, I didn’t have the discipline, 
and I didn’t have anyone to answer to.   
Site B P4 agreed by noting her “laziness” and lack of self-discipline.  At the 
same time, the importance of self-discipline was acknowledged by Site C P3: “I think 
there’s no benefit without the discipline.” 
Barriers to the WBB are described next, but in this context, self-efficacy bears 
consideration.  Mean SEE score for the WBB group at base-line was 7.36 (SD 1.81; 
maximum possible score meaning highest self-efficacy for exercise is 9).   Scores 
declined with time to 6.85 (SD 1.47) at three months and 6.24 (SD 1.74) at six 
months.  The trend towards a steady decline in self-efficacy triangulates well with the 
qualitative finding.  PASE scores also did not change significantly for the WBB, 
rather remained somewhat low throughout.  




The quantitative results suggest adherence was poor for both interventions.  
Nonetheless, WBB remained viewed in a positive light.  While adherence data would 
suggest a lack of commitment, the focus on falls was appreciated.  Furthermore, the 
WBB was successful in reducing fall prevalence.  Changes in attitude were 
suggested by the intervention having promoted an increased vigilance of extrinsic 
and intrinsic fall risk factors.  Site C P3 summed her experience up at the end of the 
focus group:  
“But also, you know doing your bit when you (researcher) came with your 
tests (physical endpoint evaluations) and whatever. Umm, I think that’s also a real 
benefit from the whole program. So, all in all, very good programme.” (Everyone 
agrees). 
Barriers and facilitators to participation in the WBB intervention. 
This section has not been given a theme, rather barriers and facilitators will be 
discussed in turn.  
Barriers. 
Dislike and irritation in response to the coaching avatar was mentioned 
frequently (34 condensed meaning units) and strongly at Site C.  Only one 
participant at Site B referred to a ‘gremlin’ in the WBB.  Site C participants mentioned 
methods for circumventing the coaching avatar and suggested warming up at home 
and then doing the games using the WBB may have been preferable.  The following 
passage from Site C P4 is typical of the discussion:  
What I didn’t like …is all the comments in-between. In my 
opinion they can be cut out. ‘Ahh hello, haven’t seen you for seven 
days’; or ‘you’ve been coming every day’, you’re like a good golden 
retriever!’ That sort of rubbish gets me… I want to get rid of all those 




blurbs in-between. Just move with the actual exercise! ...That’s the 
only thing I disliked about the programme - was the comments 
between the exercises. I can do without them! But just move on from 
breathing (yoga style warm-up exercises focused on balance) to doing 
whatever is required. But cut out all the blurb! That I found disturbing, it 
irritated me. 
Site C P2 agreed: 
“(Umm, umm ja52) I think that, that guy, he needs to keep quiet, I think.” 
(Laughter from the other participants). 
Co-facilitator: “Don’t you have a mute button (laughing)?” 
P2: “No, you don’t for him!” 
Waning interest and lack of active monitoring were cited as barriers to 
participation.  However, some participants acknowledged that the exercise log was 
motivating, as the following passage demonstrates:   
Site C P3: “I loved it! I thought it was fun! I hadn’t done those sorts of 
exercises for years. …Umm, I got, ahh, slack at the end (clears throat). 
Almost, I felt somebody needed to galvanise me and say, ‘where’s 
your sticker?’… I’m just a lazy person, I think! But I loved it, it was fun!”  
Site C P4: …I thoroughly enjoyed it!  But I found over the longer 
term, you know, having Christmas and you get busy and you go 
away53.  I found it hard to get back into routine.  So, it’s really just a 
 
52 Afrikaans for ‘yes’, frequently used in South African vernacular English 
53 Christmas falls in summer in South Africa and frequently long vacations are taken at this time.  
Older adults may join their children on holiday or host visitors during this period.  For many industries 
(except service and tourism industries), annual breaks are scheduled from approximately 15 
December to 10 January (Reference: https://www.safcec.org.za/page/Builders_Break, retrieved 6 
December 2018).   
 




lack of discipline. (But umm, I have enjoyed it). And yes, I do still do it, 
but not as regularly as was required in the beginning.  Perhaps also 
because there’s not someone sort of saying, ‘have you done your 
exercises?’ You know, (scoffs) almost like a school programme, where 
you need an exam at the end of two weeks (laughing)? Saying ‘how far 
have you got, and what have you done?’.  And that’s where your follow 
up programme came in so well; because it makes you so aware and 
think – ‘I must get back to it!’ You know! So yes, I still do it, but not as 
regularly as I should.  
Facilitator: “So what did you like about the whole programme?  Everything 
from the games to the task that you had stickers for; and what did you dislike about 
it?”  
Site C P1: “The chart (exercise log) was very good. Because it 
made you, when you saw that there were no spots (stickers signalling 
completion of WBB/walk) you thought – ‘you (had) better do 
something’, you know! And that, but with that too I petered out towards 
the end.” 
Boredom with several exercises, specifically the yoga-style warm-up and cool-
down exercises was reported.  As with other barriers, some solutions were offered.  
Participants changed the type and intensity of games to maintain interest. 
Facilitators. 
The challenge of WBB facilitated play and increased practice.  Site C P4 
noted:  
I liked the challenge of trying to beat myself on those 
programmes! You know… some days you can hit the soccer ball, and 




other days he (interactive avatar) sits and weeps on the grass 
(laughter)! But, (so) I enjoyed that! I enjoyed the challenge of got to do 
better, got to do better!” 
A sense of competition was enjoyable and enhanced the fun aspect.  Games 
such as skiing and those with scoring encouraged participation.  Site C P2 
commented:  
Well, I stayed because I just felt like I was getting somewhere! 
Except my scores weren’t getting any better on those games! Yoh!  
Some days I’d say yoh, I’m gonna get 300 and I’d get 120. And the 
next day I’d get 80. And I thought ‘no, this is crazy!’, but I think it’s the 
process (that’s) that’s more important that the scores. 
It’s a Wii bit of fun!  Participants appreciated the imaginative aspects of WBB 
and the sense of playfulness.  Benefits of participation were linked to a notion 
already discussed in terms of fall risk management, enhanced mindfulness of 
balance and balance challenges.  Site C P2 continued: 
And I enjoyed the ramping, uhm, the going down the ramp and 
seeing how far I could. Ja, I was certain I was going to end up right on, 
in amongst the crowd! I end up just on… but anyway, ja, I think it’s the 
whole process that’s good. Because it makes you (because you’re) 
aware of what’s on, going on around you. 
Interactive nature of games was at times helpful.  Although interaction with the 
avatar was discussed as a barrier to participation, the usefulness of the interaction 
was acknowledged.  Site C P3 noted: 




“With that guy (avatar) and he would (only) say, ‘your legs are shaking.’  I 
think - I will smack you now (laughing)!  Stop that!  That’s why I am here!  My legs 
are shaking.’’ 













CHAPTER VIII.  DISCUSSION 
 
Introduction 
 The results are discussed with reference to the study’s aims and objectives.  
The relevance and context of the research are described, and strengths and 
limitations are commented upon throughout the Discussion.  The Chapter concludes 
with the implications of the study regarding clinical, professional and training 
perspectives, and recommendations for policy and future research. 
 Pursuant to previous Chapters, falls are associated with ageing, and a 
pressing public health crisis worldwide.  Neither phenomenon will spare Africa.  
Here, communicable diseases are diminishing, as the continent faces a rise in non-
communicable diseases (NCD) and a compression of disability-free years in an 
extended lifespan.  There is irrefutable evidence to support the benefits of exercise 
for older adults, and this includes fall prevention.  One evidence-based intervention 
is the OEP, used as the gold standard in this research.  The OEP is the most widely 
prescribed exercise-based fall intervention globally, and has been proven to be 
effective, although not all studies have upheld the early, strong evidence (679).  
Results for WBB programmes are less compelling, despite WBB’s popularity.  
Undeniably, many studies have significant methodological challenges and 
inconsistent balance-related results, suggesting further interrogation is necessary 
(680-682).  Furthermore, little is known regarding older adults’ experiences of 
exergaming (e.g. WBB) as a rehabilitation tool (683).  It was proposed that a 
  “Until the great mass of the people shall be filled with the sense of 
responsibility for each other’s welfare, social justice can never be attained.”                    
 
Helen Keller 




stringently designed feasibility RCT would address a gap in knowledge and explore if 
a large, well-funded RCT is practical in a low-and-middle income country (LMIC) 
context.  Feasibility study findings may inform future research extending into other 
communities in South Africa.  Feasibility issues will be discussed first, followed by 
discussion of preliminary evidence in support of the interventions. 
Feasibility of the Trial and Interventions 
Site and participant recruitment. 
 The feasibility study highlighted partially successful site recruitment and high 
levels of participant enrolment resulting from eligibility screening.  Furthermore, 
participants met eligibility criteria and were at risk of falls.   
Site recruitment and implications for future RCT. 
Site recruitment was supported by most of the managers approached, a 
positive finding.  One site’s enthusiasm extended to the purchase of a television to 
facilitate the WBB.  Complex negotiations were unnecessary.  However, entry into 
communities dissimilar to the researcher’s background might present challenges; 
and thus, this study is limited by not having explored these aspects.   The impact of 
diversity on facilitators and even on the analysis of focus groups has long been 
recognised.  Significant differences in worldviews are likely (565) , possibly impacting 
attitudes towards falls and even reporting of falls, although there is no direct 
evidence for this.  For example, communities within South Africa may be health 
fatalistic54, which could extend to falls and impair rehabilitative efforts, although little 
evidence exists.  One small Egyptian study explored young, medium to high socio-
economic status individuals’ attitudes towards accidents and injury (684).  
Interestingly, accidents including falls were perceived as being linked to destiny, out 
 
54 See Glossary of Terms. 




of one’s direct control and thus, not preventable (684).  Fatalism has been linked to 
reduced health-seeking behaviours and not accessing preventative interventions 
(685), so is relevant.  In addition, older adults, and those with poorer socio-economic 
status tend to be more vulnerable to fatalistic beliefs (686).  Thus, efforts to manage 
cultural differences would be required, and these endeavours may test inherent 
assumptions and even biases, whether conscious or not (565).   
Reports suggest research opportunism in exploiting vulnerable populations, 
particularly in LMIC (687).  Researchers are obliged to address societal issues and to 
improve lives and communities’ well-being (688).  It can be argued that these duties 
are particularly pressing in South Africa, where many have underserved health 
needs (689).  Therefore, health innovations such as WBB should be explored in LMIC 
to ensure research is relevant (690).  Thus, a case to research fall prevention in 
different contexts within South Africa can be made. 
Along with embracing the ideals of cultural competence55, the style and 
design of a future RCT might have to be more person/patient- or community-centred; 
notions somewhat lacking in current RCTs (691).  For example, community-based 
participatory research designs might be more suitable, where the community is 
involved in all stages of the research process, from its design to dissemination and 
the implementation of findings (691).  Community-based research practices have 
proven successful with disempowered communities and in settings with health 
inequalities (692).  Such approaches also ensure that the research question is 
addressing the target population’s needs (691), and meeting ethical imperatives, which 
are discussed later.  However, in this report, issues of cultural differences were not 
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apparent.  The use of classes, discussed elsewhere, might enhance a ‘community 
spirit’ which in turn may promote adherence.   
Participants’ understanding of research designs, and effective communication 
is essential in clinical enquiry (693).  Protection of these rights is demanded by 
Institutional Review Boards (694).  When entering African communities, one might be 
required to work in the spirit of Ubuntu56, which could affect how research ethics-
related decisions are made.  The individualistic approach of Western bioethics might 
be at odds with collectivist communities (695).  Furthermore, copious documentation,  
used in this study, might be intimidating (696).  For a future RCT, novel methods of 
explaining the research, which do not rely on high levels of literacy could be 
introduced.  These might include videos of models undergoing assessments and 
interventions, slide shows or comics, which have been shown to be effective (697).  
The latter methods are permitted by the University’s Human Research Ethics 
Committee (698).   
Should a no-intervention control arm be adopted, the ethics of not offering an 
exercise-based intervention would require careful management.  The notion that 
exercise is inherently successful in managing falls (699) would make a ‘usual care’ or 
no intervention group problematic to defend from an ethical standpoint.  A stepped 
wedge design could be adopted.  The design randomly allocates participants, in 
clusters, to interventions with varied starting times for interventions (700).  Thus, as the 
trial commences (point 1), all participants are in a control group, but at the final point 
of the trial all participants have received the intervention (701).   
 
 
56 See Glossary of Terms. 





Clinical trials may be fraught with recruitment and retention issues, with time, 
and expense implications (702).  In the present thesis, the number needed to screen 
(0.44) was favourable, and markedly less than rates cited in the literature, which 
ranged from 1.26 (429) – 5.88 (331).  Thus, attracting willing potential participants in this 
report’s setting was uncomplicated.  Focus group participants mentioned the 
potential for improving balance, fitness, having fun and enjoying contributing to 
research as motivators for enrolment.  In contrast, a possible lack of intention to 
commit to an exercise programme was evident even at the outset of the research, 
with almost equal numbers entering the costs arm.   
Participants may have found the recruitment presentation appealing.  The 
presentation stressed maintaining independence and the potential positive economic 
impact of successful fall prevention.  Many older adults have serious concerns 
regarding rising private medical costs (703), and using state hospital facilities, which 
are plagued with inequitable conditions and are poorly resourced (704-706).  Equally 
important to successful recruitment is that suitable participants are enrolled.  
Participants’ fall risk profile is discussed next, prior to extrapolating the implications 
of fall risk in the South African context. 
Suitability of participant eligibility criteria. 
 A priori eligibility criteria were not overly restrictive; a strength of the study in 
that participants demonstrated a range of medical conditions and co-morbidities, 
enhancing possible generalisability.  Another positive finding was that only three 
exclusion criteria were added, and should be implemented in a future trial, viz., 
implants besides pacemakers (WBB group), acute dizziness and/or use of vestibular 
sedatives.  Acute dizziness might yield outcome measures unsafe, while vestibular 




suppressants may impair performance on balance endpoints (707).  Potential 
participants should be evaluated for common causes of dizziness prevalent in older 
adults, treated, then considered for inclusion after treatment.    
Participants’ fall risk profile. 
Fall events in the year preceding enrolment. 
The sample was predominantly female and ranged from young-old (67 years 
of age) to oldest-old (708) (97 years of age).  Female sex and age are important risk 
factors for falls57.  All participants were Caucasian; although ethnicity was not an 
eligibility criterion.  An unexpected finding was that half (50%) the participants had 
fallen in the year preceding enrolment.  This prevalence is considerably higher than 
that cited in the USA (28.7% (709)), but interestingly, compares with a small study 
from Grenada, which cited a rate of 51.6% for participants of African lineage (390).  
The reason for the similarity, despite the differences in ethnicity, could be the 
likelihood of greater extrinsic fall risks due to poor infrastructure in LMIC (710).  
Indeed, focus group participants noted links between environmental hazards and 
trips and slips.  Moreover, this dissertation’s prevalence is notably higher than 
previous South African studies, which considered ethnicity as a risk factor (240).  
Striking differences are apparent when compared with data from other LMIC like 
India (27.6% (711)), Iran (39.7% (712)), and China (18%, but up to 34% in some Sino-
nations included in the review (264)).  Despite likely variation underpinned by fall 
definitions and methodological differences, there is support for suggestions that falls 
are indeed an issue in LMIC.   
 
 
57 See Chapter I.  Fall Risk Factors in Older Adulthood.   




Participants’ intrinsic risk factors. 
The high prevalence of falls in the study sample is a risk factor for future falls (713).  
Three important risk factors arose from the results and are presented next. 
Presence of imbalance. 
Symptoms of vertigo were noted by almost one in four participants (24.1%).  In 
the combined intervention group, the relative risk (RR) was 1.54 (95%CI: 0.5 - 4.15).  
Positionally-induced symptoms were present in almost a third (31.2%); with an 
intervention group RR of 2.32 (95%CI: 0.93 – 5.76).  Postural symptoms were 
reported by a quarter (25.6%) of the sample, leading to an RR of 0.81 (95%CI: 0.34-
1.95) in the exercise participants.  Thus, for some symptoms of imbalance at least, 
its presence increased the likelihood of a fall event.  These results are relevant to 
audiologists.  First, audiologists assess and manage dizzy individuals, so the high 
prevalence of symptoms of imbalance in the study sample is interesting.  The finding 
of imbalance concurs with previously cited rates, which describe a third of adults >70 
years of age having dizziness impacting activities of daily living (ADL) (714).  Second, 
positionally-induced symptoms might suggest Benign Paroxysmal Positional Vertigo 
(BPPV)58, which is associated with ageing and has a lifetime incidence of around 
10% (14).  BPPV is cost-effectively and easily treated with good resolution rates (15), 
and treatment falls within the remit of audiologists (153).    
Posturally-induced symptoms of dizziness or vertigo might suggest the presence 
of orthostatic hypotension59 (708).  A meta-analysis (MA) demonstrated that orthostatic 
hypotension is prevalent in older adults, and is associated with subjective and 
objective impairments of balance, difficulty with ADL and decreased motor 
 
58 See Glossary of Terms. 
59 See Glossary of Terms. 




performance (51).  Another MA (715) associated orthostatic hypotension with falls (OR 
1.73. 95% CI 1.50 – 1.99).  Thus, audiologists should be questioning older adults 
regarding postural and positional dizziness and referring the former as necessary.  
Further research is required to ascertain if successful management of orthostatic 
hypotension reduces fall risk (51).  Interestingly, orthostatic hypotension has been 
thought to be associated with polypharmacy (716). 
Apparent polypharmacy60. 
The results showed most participants (93.4%) used prescription medication/s.  
More than half (60%) consumed ≥4 medications, a higher rate than in high-income 
countries (≈40-50% (56)), but perhaps in keeping with national norms.  Recent data 
from Nigeria and South Africa indicated that older adults attending clinics at 
tertiary/academic hospitals are prescribed a mean of 4.38 (SD 2.29, range 1-16 
drugs) medications (717).  Of 328 patients’ prescriptions reviewed at the South African 
facility, polypharmacy was established in 40.2% (132) of cases (324).  The national 
differences between rates of prescription may be attributed to the settings for the 
Nigerian/South African study.  Tertiary hospitals might attract sicker and more 
complex patients than would be found in the general medical population.  
Nonetheless, most participants in this report were at elevating fall risk due to multiple 
medications. 
Unexpectedly, polypharmacy was associated with a previous fall only in the WBB 
group.  A possible explanation is that participants may have been newly prescribed, 
amplifying the risk (718).  Contrary to this argument is that advanced years would be 
more likely to compromise pharmacokinetics and pharmacodynamics (719), thus 
increasing risk related to medication in the older costs and OEP groups.    
 
60  See Glossary of Terms.  




Growing numbers of older adults are vulnerable to polypharmacy as individuals 
live longer with more chronic conditions (57).  Frailty and falls are associated with 
polypharmacy, prompting calls for deprescription (720).  Practitioners should evaluate 
risk/benefit ratios when adding medications to a regimen (720).  This protocol did not   
recommend medication review to any participant, and changes to medication profiles 
were not monitored.  However, the results suggest that the criteria for polypharmacy 
were met by most of the study population, possibly impacting baseline measures and 
attenuating responses to the interventions; issues to be considered in a future trial.   
Appropriate management of polypharmacy may be exacerbated by issues of 
disempowerment, marginalisation and individuals’ reduced access to shared-
decision making with his/her doctors (720).  Patient-centred care, a principle of which 
is negotiating treatment, is under-developed in sub-Saharan Africa (721); and a Cape 
Town study has shown a lack of patient-focused care for older Capetonians (706).  
Thus, it is possible that treatment plans are not optimally discussed, and that 
patients do not question their practitioners when new drugs are added (706). 
Furthermore, linguistic and other differences between patient and provider, 
commonly encountered in South Africa, may exacerbate treatment negotiation and 
service delivery (722).     
Use of fall-related drugs. 
Not only is the quantity of medications germane, the drug type is important.  
Common fall-related drugs include psychotropic medications, like benzodiazepines 
and anti-depressants (723).  Almost half (45%) the participants consumed 
psychotropic medications.  While the contribution of such drugs to fall risk is 
extensively described, there is less evidence to support medication 
review/withdrawal and reduction of fall risk (724), although some encouraging results 




have emerged (713).  Research findings that exercise-based interventions have a 
similar effect on mild-moderate depression compared with anti-depressants and 
psychotherapy (725) might apply to older populations.  Evidence supporting exercise 
to manage anxiety has been relatively weak (726); but more recent MA has found 
exercise interventions to be more effective for anxiety compared with controls (727).  
Encouragement of exercise could well address the psychological issues faced by 
older adults, which currently result in prescription drugs.   
Lack of physical activity (PA). 
Low scores on the Physical Activity Scale for the Elderly (PASE) were noted 
across all groups (mean = 68.0), with the lowest in the costs group, although there 
were no statistically significant differences.  Low scores suggest sedentary behaviour 
(385).  The maximum possible score for PASE is 361 (728).  In USA normative data, 
adults ≥65 years of age had an average score of 118.9 (SD 63.9) (594).  Validity and 
reliability of the PASE has not been well established in LMIC (729).  Comparison with 
either LMIC or post-Communist countries is difficult.  For example, most (81.2%) 
participants in a Turkish study (730) were between 65-74 years of age, and the PASE 
mean score was 121.7 (±54.7).  Czech citizens, with similar education levels to those 
in this study, were similarly notably younger (68 years of age SD 6.26) than this 
report’s sample, and the mean PASE was 159 (SD 74.2) (728).     
An unpublished South African study examining correlations between PASE 
results and falls in older adults (range, 65-89 years of age, median 76 years of age) 
adapted the PASE for the local context (242).  Mean scores of 110.64 (range 34.1-
235) were found for participants with a history of falls; while slightly higher (122.7) 
scores were described for a no-falls group (range 25 – 269) (242).  Participants had 
varied socio-economic, cultural and ethnic backgrounds (242).  The higher scores in 




Caine and colleagues’ study likely relate to diversity, as most South Africans have to 
walk to access public transport, resulting in some light exercise (731).  This 
dissertation’s more privileged participants would likely drive, take taxis or obtain lifts 
for transport.  Their low PASE scores might partially explain the high levels of falls in 
the study sample, as high levels of activity are thought to have a protective effect 
regarding falls in older adults (237).  
 Indicators of frailty or pre-frailty. 
Interestingly, although the participants resided in facilities for independent 
living, group averages for several physical endpoints suggested frailty or at least pre-
frailty61.  For example, healthy older adults should be able to accomplish TUG simple 
in seven seconds (s), with values of 7-10s predicting pre-frailty, while scores of >10s 
suggest frailty (732).  In this report, the costs group had the slowest score of 12.2s; 
followed by OEP participants with 11.5s and the younger WBB group achieved pre-
frail status at 9.9s.  Similarly, single leg stance scores of <10s suggest frailty (732); 
and all groups met this criterion (OEP: 4.4s; WBB: 8.5s; costs 3.9s).   
The overall levels of PA and predictors of frailty in this study are concerning.   
Frailty and pre-frailty are preventable and even treatable conditions, particularly if 
recognised early in their clinical course (733).  PA is capable of reducing the risk for 
frailty (733).  The participants’ socio-economic status should have been favourable, as 
affluence in older adulthood increases the likelihood of health three-fold when 
compared with poverty (732).  Second, increased sedentary behaviour is associated 
with socio-economic deprivation (734).  Therefore, it is not unreasonable to suggest 
that poor neighbourhoods, where recreational facilities are lacking and safety is a 
concern (735), might be unsuited for encouraging PA.  Thus, for the majority of South 
 
61 See Glossary of Terms. 




Africans, facilitating behavioural change in favour of exercise requires a multi-faceted 
approach.  
This section has discussed the participants’ profile and considered falls, 
imbalance, polypharmacy, use of psychotropic drugs, and PA levels.  A high 
prevalence of falls in the year prior to enrolment was noted, while low levels of PA 
and even frailty indicators were apparent.  The overwhelming consensus of the 
scientific literature is that high levels of PA enhance well-being, mental health and 
protect against cognitive decline (736).  It is highly possible that intrinsic fall risks are 
similar or worse in other South African communities.  A combination of intrinsic and 
extrinsic risks, such as poor infrastructure and built environments, makes for a 
potentially devasting future for an ageing population, discussed in the following 
section.   
Implication of fall prevalence for planning and policy in South Africa. 
South Africa is home to one of the most rapidly ageing populations on the 
continent, with the number of adults over 60 years of age expected to double as 
soon as 2020 (737).  By 2050, 80% of the world’s older adults will reside in LMIC (736).   
However, adding to the number of years lived does not imply years lived well.  The 
loss of functional independence associated with ageing will see the number of older 
adults demanding either rehabilitation or long-term care quadruple by 2050 (736).  
Many South Africans are disadvantaged in early life, enhancing the likelihood of 
requiring, or depending on long-term care in old age (705).  Evidence to support age-
related vulnerability is that currently, one in four South Africans over 70 years of age 
have difficulties with self-care (705).  Moreover, the figure of 25% may be an under-
estimation and context-dependent.  Rural and impoverished districts could more 
closely resemble other African countries like Ghana.  It is estimated that >50% of 




Ghanaians between 65-75 years of age require assistance with ADL, and this figure 
rises to 65% for individuals over 75 years of age (738).  Some perspective is provided 
by contrasting these figures with Switzerland, a high income country with effective 
health and social services (739), where 5% and 20% of the respective age bands 
require support to cope with ADL (738).  Pertinent to falls, a large multi-national study 
using walking speed as a proxy for function described firm associations between 
poor socio-economic status and reduced physical function (740).  For example, by 
early old age (60 years of age), poor participants had already lost six years of good 
physical function; and the impact was more marked when major NCD were 
considered (740).  Thus, walking speed and issues managing the ADL present risk 
factors for frailty and falls (39).  Combined, socio-economic issues clearly impact upon 
successful ageing and herald increasingly pressing demands from an ageing South 
Africa.   
The post-apartheid South African government has developed plans to 
improve its citizens’ health and to raise life expectancy to ≥70 years of age by 2030.  
Policies and legislation concerning ageing should be appropriate for the diversity of 
older adults (741).  Acts like the Population Policy for South Africa, legislated in 1998, 
aim to enhance quality of life at population levels, including older adults (737).  To 
meet these goals, calls have been made to introduce programmes for active ageing 
and the prevention of age-related diseases through healthy living and exercise (742).  
However, challenges arise when dysfunctional health care services combine 
negatively with poverty, increasing the possibility of ill-health in old age (743).  While 
spending on issues related to population ageing has not received priority, significant 
efforts will be required to address the fiscal risk of spiralling age-related deficits (743).   




South African policies regarding older adults strive to ensure that families care 
for their elders, and are in line with African cultural values (738).  Indeed, for many 
Afro-centric communities, family responsibility and inter-generational care is 
regarded as a moral obligation (737).  China and other LMIC in Asia have a similar 
tradition of filial piety, but scholars are questioning an erosion of such values (744).  In 
Africa, the traditional fabric of family life has been impacted by migration and other 
socio-economic issues (737), while stigmatisation and ageism are on the rise (738).  
Endeavours to improve services to older adults, such as state-funded old age 
pensions to those meeting means-test requirements, are laudable (737).  However, 
this support often translates to poverty-alleviation for an extended family (705),  leaving 
less income for the recipient and on-going negative health consequences.  
Implications of responsiveness to health issues associated with ageing are 
considered next. 
Effective national education initiatives may promote healthy living and 
successful ageing (743).  Healthcare professions concerned with rehabilitation, 
including audiology, occupational-, and physio-therapy, should extend activities 
beyond curative services to health promotion and disease promotion at a population 
level (745, 746).  Physiotherapists in particular are in an ideal position to function at a 
community or primary level (747).  However, there is a chronic shortage of 
physiotherapists across the continent (748).  More than 10 million South Africans have 
NCDs, which is predicted to rise by 28.7% between 2012 and 2025 (749).  At the 
beginning of the estimation period, the ratio of physiotherapist to NCD patient was 
1:5,667, leaving the nation woefully underprepared to match the predicted NCD 
epidemic (749).  Moreover, primary care for older adults is not stressed in national 
physiotherapy curricula (750); leaving an arguably underprepared workforce.  In 




contrast, vestibular and balance assessment and management is a mandated 
outcome for graduating audiologists (751).  Many audiologists work at a primary or at 
least secondary level of care; making a case for these professionals to be part of, if 
not instrumental in, the team. 
Not only are adequate numbers of staff and services required for delivery of 
community-based interventions, primary care services must function optimally (742).  
However, local primary healthcare facilities have been shown not to meet the needs 
of older adults in communities (706).  NCDs are frequently poorly managed (752), 
resulting in more health-related dependency in old age, while staff are ill-equipped to 
care for the problems associated with ageing (705).  This is partly due to a lack of 
qualifications, for example, there is no gerontology nursing training in South Africa 
(705); and nursing inputs for chronic disease management are also inadequate (752).  
The demand for age-appropriate healthcare may be underestimated as health issues 
may be overlooked in many older adults.  For instance, African South Africans are 
less likely use prescribed assistive devices (e.g., spectacles) or medications (705).  
Negative and at times hostile attitudes from personnel experienced during clinical 
encounters (753) further discourage older South Africans from raising health concerns, 
leading to perceptions of poor service and care (706).  Even private health care for 
South African older adults suffers from a lack of patient-centeredness, and largely 
ignores issue of age and function (706).  Thus, at a national level, it is possible that 
reports of fall risk and falls might be trivialised, and their importance in terms of 
management overlooked.   
The high rate of falls in this report suggests an urgent need to embrace the 
pillars of WHO Fall Action plans.  These are: to improve awareness of falls and fall 
prevention, increase the assessment of fall risk factors, and to deliver culturally 




acceptable evidence-based interventions (754).  However, concrete action to place 
falls on a public health agenda in South Africa is not apparent.  For example, the 
National Department of Health guidelines for fall prevention have not been updated 
since 2000 (332).  Thus, the plethora of evidence that exercise is effective, specifically 
to prevent falls, appears not be have been acted upon.   
Issues Related to Use of a Cluster RCT Feasibility Design 
Sample size calculations. 
Sample sizes were calculated for a future RCT using both cluster and simple 
randomisation.  When recruiting a small number of sites, it cannot be assumed that 
randomisation will result in balance between arms (755).  Thus, the number of 
potential sites was doubled to eight.  Using this assumption (and four fully adherent 
participants at each site), fewer participants (60) would be required for a cluster 
design than for simple randomisation (110 per group if using Five-times-sit-to-stand 
(FTSST) data; less participants [≈30 per group] would be required if using Mini-
BESTest data and 40% attrition).  This is a rather unexpected finding and likely 
linked to the design effect and other relevant data present for only one test (FTSST).  
Nevertheless, this cluster randomisation estimate is likely moot, as will be explored 
in the following section discussing issues with the cluster design.  
Between-group differences at base-line. 
Cluster designs are particularly susceptible to selection bias (662); although 
randomising whole institutions and applying an intervention at a cluster level (755) may 
have an attenuating effect.  Both apply to this report and are limitations.  Age 
imbalance is particularly problematic in cluster RCTs (756) and was demonstrated.  
OEP and costs participants were significantly older than the WBB group, suggesting 
either a selection (662) or a possible small sample bias (565).  Older participants may 




have been resistant to a WBB intervention, although they were unaware of which 
intervention they would receive when they enrolled.  A weakness of this study is that 
reasons for electing to join or cross over to the costs group were not probed.   
Possible selection biases might be managed in a future trial by incentivising 
participants with clear goals and rewards when these are met.  Monetary and gift 
incentives have been used in clinical trials in the United Kingdom, but there is little 
evidence that they improve recruitment and adherence (757).  Monetary incentives are 
ethically nuanced (758).  In addition, incentives should recognise participants’ time and 
effort (759), a substantial expense in a future full-scale fall prevention exercise trial.   
No baseline differences in propensity towards exercise were detected on the 
relevant scales, which is a favourable finding related to minimising possible bias.  
Similarly, no marked between-groups differences in falls and case history were 
found.  However, potentially important between-group differences existed on static 
and dynamic balance endpoints.  To illustrate, the WBB group had significantly 
better FICSIT-4 scores, suggesting better static balance than the costs group, and 
better dynamic balance (higher Dynamic Gait Index) than the costs and OEP groups.  
Thus, a possible quantitative variables limitation exists, where differences of age, 
possible fitness and balance exist between groups, and yet similar target doses of 
exercise were expected for both interventions (565).   
Missing data. 
Disadvantages of cluster randomisation include a tendency towards missing 
data (760).  Not all clusters may provide data at the end of a trial (626).  While costs 
participants were distributed across all the clusters, follow up in this group was the 
worst, leaving less data for comparison with the interventions, a study limitation.  
Missing data may negatively influence power and precision (760).  Further, bias arises 




if the missing endpoint is linked to the reason for participant’s withdrawal (760), for 
instance, a fall.  In this study, data could be regarded as missing at random (760), for 
example, a follow-up endpoint being overlooked, or declined by the assessor or 
participant.  Several outcome measures were conducted, yielding a certain amount 
of redundancy and a strength of the design.  Attrition from enrolment to the six-
month point, most marked in the costs group, was a significant challenge impacting 
analysis.     
Randomisation, allocation concealment, and blinding. 
Randomisation promotes between-groups balance of variables and 
confounders (626).  Risk of bias or an over-estimation of effect sizes might result from 
inadequate randomisation, or failure to conceal allocation (618).  Trials of 
physiotherapeutic interventions tend to over-estimate the effect size (618).  
Furthermore, allocation concealment was problematic in a large meta-
epidemiological study of physiotherapeutic trials, with only 11.5% trials following 
appropriate procedures (621).  Adequate sequence generation for randomisation was 
better (39%); but less than one in ten (8.9%) trials managed both randomisation and 
concealment appropriately (621).  In this report, the researcher recruited all sites and 
participants prior to cluster randomisation procedures, a strength of the design.  
Selection bias is still possible due to the small number of clusters (four).  That is, 
once the first three were known, there was a >50% probability of knowledge of the 
last site’s allocation (662).  However, the allocation of interventions to sites was 
awarded at the last possible moment prior to the interventions commencing (61).   
 Blinding is problematic in clinical trials, particularly cluster designs (564).  OEP 
trials have either not detailed unblinding (330, 331, 409, 429), or reported no unmasking 
(162).  Blinding of outcome assessors is seldom evaluated or reported in 




physiotherapeutic trials (621).  Furthermore, blinding is challenging, with a review of 
physiotherapeutic RCTs finding only 20% of 80 included studies successfully 
masked (621).  Blinding recipients of physiotherapeutic interventions is at times 
impossible (621).  In this report, exercise participants were not informed which   
intervention was experimental.  Outcome assessor blinding was attempted.  Few 
instances of unblinding occurred.  Costs and intervention participants were 
distributed across sites.  Thus, one participant revealing the intervention would not 
necessarily lead to assumptions regarding other participants at the site.  
Furthermore, both the physiotherapist and outcome assessor were in equipoise; and 
finally, the outcome assessor was unaware of levels of adherence.   
Safety issues. 
No adverse events occurred during intervention/outcome measure sessions.  
Falls occurred during the intervention period but were not reported immediately to 
the researcher.  Half the sample had fallen in the year preceding enrolment, and 15 
falls occurred during the trial.  As some participants fell repeatedly, the overall 
prevalence of falls in the combined intervention group was 16.6%, markedly less 
than in the year prior.  Two falls occurred in the costs group, but this is likely to be an 
under-representation due to attrition.   
The lack of reporting falls, despite reminders on the exercise logs, is 
problematic and weakens the study.  First, it raises the possibility of recall bias, 
despite a prospective method of data collection.  Second, the safety and monitoring 
committee were unable to assess each incident at the time of the event, an ethical 
concern.  A future trial would require more stringent reminder systems for reporting 
of falls, such as weekly text messaging.  In addition, efforts should be made to 
empower participants to report falls, without fear of consequences from site staff or 




loved ones.  Changing the culture of falls reporting is an important step to ensure 
accurate data collection; and indeed, on a societal scale, to evaluate and manage 
falls in this population appropriately. 
Statistical issues associated with a cluster design are discussed next, before 
commenting on use of a cluster design in a future study.   
Statistical considerations. 
 Participants in clusters tend to be similar (676), so cannot be assumed to be 
independent in terms of variability (760).  Therefore, intra-cluster correlation or 
between-cluster variation may result, resulting in increased Type I errors and narrow 
confidence intervals (760).  In this study, clusters were collapsed into interventions and 
aggregated values were analysed, as suggested in literature (760).  This method has 
likely triggered an average treatment effects limitation (565), whereby an aggregated 
response to the interventions is reported.  Average effects might be positive, 
influenced by a minority who enjoyed large effects; ignoring that some individuals 
may have had no or negative effects from the intervention (565).  Moreover, an 
assumption in RCT designs is that the background traits of participants remain 
constant (565), an unlikely scenario given the study population.  However, attempts to 
mitigate the effects of ongoing ageing were made with comparatively short follow-up 
(six months) and questioning participants regarding any medical events between 
visits.  
A SWOT analysis of the cluster design is presented in  Figure 21, prior to 
proposing changes to the protocol.   





 Figure 21. SWOT analysis of cluster design. 
Proposed changes to protocol. 
 This study has shown that a future large RCT evaluating the two interventions 
would be possible, with modifications, and so has met its aims and objectives. 
Access to eligible participants was easy and barriers to future participation have 
been identified (562).  Assessment procedures and endpoints were successful, and 
those to be included in a future trial will be discussed.  Acceptability of the 
interventions (562) was high and explored using quantitative and qualitative means, a 
strength of the design.  Problems identified with adherence and attrition are 
- 




surmountable, and solutions will be presented.  Study-related processes were safe.  
However, some changes to a future protocol are recommended and detailed here. 
Changes to randomisation/design. 
Given the preponderance of negative items on the SWOT analysis ( Figure 
21), and issues regarding cluster-design, adoption of simple or stratified 
randomisation is recommended.  OEP trials have employed stratified (409), permuted 
block (162, 330) or simple randomisation (429), and these methods would be suitable for 
a future trial.  As noted, blinding of outcome assessors is more important than 
blinding of participants.  If participants within the same site were receiving different or 
no interventions, instances of outcome assessor unblinding would not necessarily 
have a serious impact, unlike a classic cluster design.  Second, the cost of WBB 
equipment was comparatively minor compared with overall costs, and duplication 
would not have substantial impact.  Furthermore, changes to randomisation would 
ease the complexity of statistical analysis and permit a superiority or equivalence 
RCT design (761).  Based on the premise that some exercise is better than none (762), 
a non-inferiority design could also be considered (761).   
Changes to statistical analysis. 
The protocol anticipated per protocol (PP) and intention-to-treat (ITT) 
analysis; however, data sets were small, limiting the analysis.  Both PP and ITT may 
yield biased estimates of treatment effects (763).  As found in this report, poor 
adherence is a common issue in clinical trials (764), and the statistical implications 
should not be underestimated (765).  ITT evaluates the effect of being offered an 
intervention, in contrast, more pertinent information concerns the effect of receiving it 
(764).   As some participants may not adhere to treatment, ITT tends to underestimate 
the efficacy of an intervention (766).  For exercise trials, small effect sizes could 




suggest that the intervention is ineffective, while poor adherence is in fact 
responsible (765).  An alternative strategy might be to continue with exercise 
regimens, while methods to improve adherence are introduced (765).  Similarly, PP 
may be less robust in studies characterised by poor adherence (764).  A 
recommendation for a future RCT would be to implement a complier62 average 
causal effect (CACE) analysis.   
CACE may be used as an adjunct to ITT, and estimates the effect of 
compliance, rather than assignation to an intervention (768).  CACE has only recently 
been adopted in physiotherapeutic trials (769) and sports and exercise psychology 
literature (768); and the references cited are the first of their kind.  A priori definitions 
for idealised compliance are required for CACE (768).  As guidelines exist for older 
adults’ exercise requirements, CACE would be possible for a future RCT.   
CACE may be more clinically relevant than ITT, as latent variables 
determining levels of compliance are randomised between control and intervention 
groups (764).  Compliers in the intervention group allow the proportion of would-be 
compliers in the control group to be estimated (769).  Non-adherent members of an 
intervention group should have mean scores resembling controls’ (764).  Calculations 
are performed as per Knox: 
By representing the treatment difference observed through 
intention to treatment analysis as a product of the proportion of 
compliers and the complier averaged difference, and then re-
 
62 Note: the researcher acknowledges the difference between compliance, which has negative 
connotations suggesting a lack of autonomy and patient passivity; and adherence, which is linked to 
self-efficacy, independence and self-determination.   767. Gardner CL. Adherence: A concept 
analysis. International Journal of Nursing Knowledge. 2015;26(2):96-101. In this instance, the term 
complier is used as it is the name of a statistical method. 




organising the algebra, it is possible to estimate the complier averaged 
difference (CACE) (764p.3). 
CACE estimates are flexible and allow important adherence data to be 
factored in when analysing treatment effects for clinical trials (765).  However, missing 
data are problematic with CACE calculations (764).  
Changes to calculation of exercise regimen. 
 The overload principle dictates that individuals should do more than they are 
accustomed to (770); and in terms of exercise, this implies working at or near the limits 
of capacity (771).  Thus, calculation of the intensity of exercise is important (772) and 
forms part of a commonly-used formula of frequency (how often), intensity (how 
hard), type (e.g., static or dynamic balance exercises), and time (how long) FITT 
framework (771, 773).   
The Borg Rating of Perceived Exertion (RPE) was used in the present thesis, 
despite a general lack of interrogation of exercise intensity in RCTs of balance 
interventions (771, 772).  Although the Borg RPE showed no difference between 
perceived intensity of exertion between interventions (11.3 for OEP and 11.2 for 
WBB; range for both 9 – 15), it is acknowledged that the scale is not ideal to 
measure exercise intensity for balance-related tasks.  Standardised instruments to 
gauge the intensity of balance exercises are in their infancy and require development 
and validation (772).  By including exercise intensity in dose calculations, evidence-
based dose-response relationships may become clearer for balance interventions 
(774).  The exposure to balance training in this report complied with recommendations 
from expert opinion, that is ≥120 minutes per week, over several sessions per week 
(771); but more precise prescription for a future trial would be preferable.   
 




Changes to the delivery of the interventions. 
Low levels of adherence were evident.  While exploring adherence is integral 
to this feasibility study, the impact of poor adherence on statistical analysis 
represents a limitation of the study.  Although initiated and supervised regularly by a 
physiotherapist, the interventions were home programmes, which are known to be 
associated with poor adherence (775).  Adherence is even more challenging when 
participants have high levels of comorbidities and balance challenges (775), as in this 
report.    
Group exercise. 
Focus groups described a lack of motivation, and classes (OEP) or teams 
(WBB) were suggested as solutions.  Participants noted that classes would oblige 
them to “be responsible” and “not let others down”, hinting at potentially powerful 
motivators for adherence.  Peer-led and group OEP classes have been successful in 
populations with fall risk, with psychological and social benefits reported (191).  
Specifically, peer leaders are effective in promoting adherence to exercise (329) 
including in older adult populations (776).  Improving adherence has produced 
conflicting results in terms of the benefit of exercise.  For example, meta-analysis 
(MA) of participants’ timed-up-and-go (TUG) scores in peer-run classes was not 
favourable when compared with controls (329).  In contrast, MA has demonstrated 
improved balance endpoints for group OEP, sustained for some months after trial 
cessation (679).  The latter finding would also suggest that the loss of customisation, 
which could occur in group or video applications, may not be critical for OEP, and 
that generic programmes of OEP and WBB may work in a future large-scale RCT.  
Thus, classes may offer practical and logistic advantages, while enhancing 
adherence and possibly benefit.  Certainly, in a resource-constrained setting, group 




application of interventions, led by lay individuals, would be more cost-effective than 
individualised programmes.  
Furthermore, the social aspects of group exercise are important in older 
adults (777).  Playing exergames in teams could well enhance immersion, increase fun 
and improve confidence (778).  For example, peer-teaching and encouragement were 
valued by participants in a team bowling exergame tournament (778).   
The benefit of flow experienced during exergaming was explored earlier.  Wu 
and colleagues (779) proposed that enjoyment of exergaming would make it preferable 
to conventional exercise.  Unexpectedly, researchers found the opposite, suggesting 
that exergaming might be difficult for older adults with little experience of interactive 
gaming (779).  Further, previous failure at managing interactive games could be 
demotivating.  Previous challenges and a lack of customisation of exergames for 
older adults (779), might result in poorer adherence.  Humour and mentoring, as in 
Zhang et al.’s work (778), might overcome such obstacles.   
Team/group classes are suitable for sites like those in the present thesis, 
which had common areas for games to take place, and other participants close by.  
The researcher was struck by the sense of community at the sites, and this could be 
exploited by changing the nature of intervention delivery.  These changes might 
positively impact adherence and should be considered for a future RCT.   
Use of methods to enhance self-efficacy: motivational interviewing. 
Along with not wishing to exercise alone, a common reason for not doing so 
(780), focus groups mentioned poor motivation as a barrier to participation in the 
intervention.  Lack of motivation and poor health (suggested by the number of 
comorbidities and medications present in the sample) are frequently cited reasons to 
not adopt optimal physical activity levels (781).  Motivational interviewing uses a 




variety of person-centred tools to promote and support behavioural change (780).  
Motivational interviewing is emerging in the audiology literature as a tool to 
encourage individuals to adopt and use amplification (782-784).  However, the 
technique is seldom used in physiotherapy or fall prevention programmes (785).   
Participants’ self-efficacy for exercise levels were not exceptionally low, even 
though PASE results suggested sedentary behaviour.  Adherence was very poor for 
both interventions, suggesting that significant shift in behaviour would be necessary 
for a future trial to be successful.  Arkkukangas et al., (785) evaluated motivational 
interviewing as component of an OEP intervention in an RCT.  Several interesting 
findings emerged.  First, activity levels at baseline were significantly associated with 
adherence over time, and second, motivational interviewing improved adherence 
(786).  Finally, although long term changes in balance and falls did not favour either 
the OEP or control group, the OEP group’s activity levels over two years declined 
less than controls’ (787).  It should be noted that participants required either an 
assistive device (cane) or some level of home support (788).  Both suggest some level 
of frailty or difficulty with the ADL, which may partially explain the lack of long-term 
benefit.  In contrast, participants in the present thesis had to be fully independent, so 
caution should be used when extrapolating Arkkukangas’ and colleagues’ findings to 
a different population.  Thus, adoption of more participant-centred techniques in a 
future trial might enhance exercise self-efficacy, and in turn, adherence. 
More rigorous monitoring of exercise adherence. 
More intense follow-up could result in better adherence, reduced attrition and 
less missing data, for example, exercise logs and reporting of falls.  Weekly post-
card drops reminding participants to complete falls and exercise logs and 
encouraging participation could work well.  Cards would require hand-delivery as 




South African postal services are poor63 with frequent strikes, backlogs and non-
delivery64.  As not all participants had computers, and in less privileged settings this 
is highly likely, options such as automated email reminders are likely not feasible.  
However, many (≈80%) South Africans, including those from historically 
disadvantaged communities, now own smartphones65, so SMS or interactive 
reminders and tracking could be attempted in a future trial.   Logging of sessions 
could be achieved with an app or calendar on a smartphone.  Despite high market 
penetration for smartphones, the competence of older adults using such technology 
would require prior exploration.  
Many older adults prefer to use their smartphones for calls and texting, rather 
than accessing apps, email and the Internet (789).  For example, one Swiss study 
interrogating smartphones suggested young-old, male and active people were more 
likely to use technology to track physical activity (790).  This profile is almost exactly 
opposite to the participants in this report.  Finally, advancing age, reduced socio-
economic status and levels of education all impact negatively on the ability of 
individuals to use technology including the Internet; so possession of smartphones 
does not necessarily imply competence (791). 
Adherence data could be obtained electronically for the WBB at least, given 
some modifications.  At present, the WBB has a limited number of avatars, but more 
devices or some adaptation to the programme might allow researchers to track 
multiple participants’ adherence.      
 
63 Reference retrieved 5.6.2019: https://businesstech.co.za/news/business/250373/how-south-africas-
postal-service-compares-to-the-rest-of-the-world/ 
64Reference retrieved 5.6.2019:  http://www.capetalk.co.za/articles/320757/it-s-time-for-sa-post-office-
to-declare-its-incapacity-complaints-stream-in 
65 Refence retrieved 5.6.2019: https://www.itweb.co.za/content/GxwQDM1AYy8MlPVo 




Changes to outcome measures. 
Self-assessment scales (SAS). 
 Several SAS were utilised.  They contributed considerably to the volume of 
paperwork and few participants, despite almost half (48.9%) having tertiary 
education, were able to complete them independently.  For example, the PASE was 
chosen for its construct and criterion validity (792), and yet participants found it   
particularly difficult, resulting in researcher assistance.  While SAS are inexpensive 
and putatively easy to complete, they are subject to recall bias and reporting errors, 
particularly prevalent in older adults (792).  These issues are pertinent to a future RCT, 
as health literacy is poor in LMIC (793), as well as in older adults, who may also have 
cognitive decline (794).   
Use of patient/participant-orientated outcome measures is a growing trend in 
clinical trials, and ensure that interventions are thoroughly assessed (795).  Valid 
patient-related endpoints establish changes important to individuals, rather than 
statistical or methodological differences (795).  Thus, measures such as quality of life 
are important, but must be appropriately translated and validated (796), as is the case 
with the EuroQoL EQ-5D measures, available in six South African languages (797).  
Robust translations and evidence of the cultural acceptability of instruments is 
important (796)  if considering a large fully-funded trial in a South African context.     
Physical endpoints. 
Participants found the tests manageable.  However, none incorporated 
environmental challenges encountered in real life, such as walking-while-talking, and 
managing moving people or objects in the environment.  This deficiency results in 
difficulty testing all the constructs of balance, and might contribute to ceiling effects 
(798).  Ceiling effects are likely present in this report with moderate (costs group: 




62.5%) to high (OEP group: 92.9%) numbers of participants achieving or exceeding 
normative levels at baseline for the Mini-BESTest.  The Mini-BESTest has previously 
been described as resistant to floor and ceiling effects (605, 799).  Small numbers of 
participants demonstrated clinically significant differences the Mini-BESTest and   
preferred walking speed, implying responsiveness, but are too small to draw 
conclusions.   
Standard Romberg eyes open (EO) was achieved by all participants 
throughout the trial and was probably too easy for high-functioning independent older 
adults.  In contrast, the sharpened (full tandem) Romberg eyes closed (EC) was 
likely too challenging with very small numbers (costs: 0%; OEP: 18.2%, WBB: 20%) 
attaining normative levels at baseline, suggesting a floor effect.  The difficulty 
participants had with sharpened Romberg EC upholds the suggestion that this 
condition is demanding and highly variable in older adults (60).  The Romberg results 
are difficult to compare with recent literature, where a sharpened Romberg was 
suggested as a screen for falls (62), as participants in the present thesis were 
required to hold the pose for 30s rather than the 60s previously described (62).  
Nonetheless, the sharpened EO condition showed a range of responses, with the 
older costs group having less participants able to achieve normative levels (57.1%) 
than the OEP (69.2%) and WBB (86.7%).  Notwithstanding, including Romberg tests 
as part of an overall FICSIT-4 test is likely worthwhile, as the latter identified 
statistically significant between-group differences in balance (between costs and 
WBB).  Moreover, Romberg tests are included in outcome measures for the OEP, 
are simple to administer and do not require specialised equipment or intensive 
training.        




The TUG was not correlated with a previous history of falls at various time 
cut-offs; nor using a difference of >10% between simple and cognitive modes.  The 
lack of consensus on optimal time cut-offs for normative data for TUG makes the test 
unwieldy.  The TUG was included in the protocol due to its common use in an older 
adult population (800); and as it assesses transfers and walking, two common 
scenarios in which falls occur (801).  The dual-tasking nature of the TUG-cognitive   
might have more promise than TUG simple.  Recent research examined counting the 
number of cognitive stops (pause of ≥2s between counting numbers backwards), 
number of cognitive errors, and number of motor stops (801).  Results suggested that 
these modifications enhanced discriminative ability between participants who fell or 
not (801).  While interesting, the necessity to videotape participants’ performance for 
accuracy makes test administration and scoring more laborious.  In addition, data 
provided were based on an instruction to walk as quickly and safely as possible (801), 
which is a variation on the standard method.  Finally, counting backwards requires 
numeracy skills, which are challenging for disadvantaged South Africans, who 
experience poor levels of numeracy and basic education (802).  More research is 
required to explore if these modifications to the TUG are useful and responsive.    
Condition 4 m-CTSIB (30s stand on foam EC), included in the Mini-BESTest, 
was challenging for participants.  Efforts were made to guard participants 
appropriately, and no safety issues occurred.  Notwithstanding, the insecurity of 
standing with proprioceptive and visual cues reduced was unsettling for many of the 
participants.  Recommended change would be to practice with an EO condition, 
followed by EC, which would allow the Mini-BESTest to be conducted as prescribed.   
 Future trials could explore tests like the Community Balance and Mobility 
Scale (803), which has been translated into other languages (804) and appears to be 




resistant to ceiling effects (804, 805), the Zur Balance Scale (806) and the newly 
developed X16 (734).  The X16 was implemented for large-scale population screening 
in China (734).  Unfortunately, preliminary reports suggest that the X16 is subject to 
floor and ceiling effects (734), likely partly attributable to the use of items from the Berg 
Balance Scale.  However, the X16’s simplicity, short test time and ability to be 
administered by volunteers with minimal training required are appealing (734).    
Mini-Cog. 
The Mini-Cog’s purpose was to guard against including potentially vulnerable 
participants and ethical breach.  The Mini-Cog generated notable anxiety and was 
failed by several potential participants.  Another six appeared emotional having 
failed, and were offered a second opportunity by the researcher, and subsequently 
passed.  This initial failure rate might imply the Mini-Cog is overly sensitive as a 
screening tool.  For a future trial, validated tools to assess capacity to consent may 
be more appropriate (794) along with multi-media presentations to enhance 
understanding of the trial (807), which have proven effective.  
Inclusion of FRAT-up. 
 The FRAT-up score was calculated upon data entry.  The tool correctly 
predicted an increased risk of falls and falls in the year prior to trial entry in both the 
costs and OEP group.  The ease and speed of the FRAT-up make it an attractive 
tool for use in future clinical research. 




Retention, attrition and adherence. 
           (808p.3) 
Retention and adherence were challenging issues.  Methods to encourage 
adherence in a future trial have been discussed.  For exercise participants, 
unanticipated delays between recruitment of three sites and commencement of the 
interventions could have contributed to a ‘cooling off’ period.  The site recruited last 
(and closest to intervention introduction) experienced somewhat less attrition.  Long 
delays between induction and the interventions may have contributed to participant 
apathy and loss to follow-up (809).  WBB studies are vulnerable to loss during this 
time period, for example, 18% attrition has been cited (810).   Postponements were 
unavoidable due to customs delays importing equipment.  More importantly, the 
researcher had to teach a semester’s work in three months, due to violent student 
protest action the preceding year66.  Follow-up during the study will be discussed 
next. 
 The exercise groups had the best rates of throughput during the trial with 
92.8% of OEP and 81.2% of WBB participants agreeing to follow-up at the six-month 
point.  An extremely poor follow-up of costs participants (17.8%) was noted.  The 
marked attrition in the costs group could be related to either a loss of interest, or the 
Zylen effect.  Although participants were not ‘bound’ to their groups (i.e., a costs 
individual could join the intervention and vice versa), it is possible that the costs 
 
66 Referenced in the Chapter VII.  Results. 
“Physical activity is an elixir vita that promotes health and longevity better 
than any other lifestyle practice, but it is only effective if people do it.  Exercise 
adherence is a difficult problem for people of any age, but it is challenging in older 
adults.”   
 




participants had a similar experience to a control or non-intervention group.  Hence, 
they could have been aggrieved, or lacked incentive due to not receiving the 
interventions (625).  These feelings may have been exacerbated by having a 
physiotherapist lead the interventions.  Should a future trial occur in a different 
community, the desire for research participants to enjoy otherwise inaccessible 
health care and prevention (811), might result in improved retention in a no-
intervention group.  Once again, such a notion would raise delicate ethical concerns.  
An MA of exercise interventions for falls cited attrition rates between 7.4% - 
32.2% (378).  An SR of OEP research found data for key outcomes were available for 
>80% participants (53).  Studies of the OEP in LMIC had varying rates of attrition.  An 
Iranian study described a loss of 41.9% OEP participants (331); while a Thai study 
experienced 17.4% attrition in their OEP group (330).  Literature concerning attrition in 
WBB cited rates of between 0-33% in one MA (812).  Two studies had one in every 
three participants withdraw (813, 814).  A recent large (1016 participants) Spanish RCT 
of WBB had an overall rate of attrition rate of 36% at three months, and 46% of WBB 
had withdrawn by trial termination (815).   Compared with these data, attrition in this 
report’s intervention groups (OEP: 7.2%; WBB: 18.8%) was manageable, although it 
is interesting that attrition was more marked in the younger WBB group compared 
with OEP participants.  
 The Results chapter suggested poor adherence and much missing adherence 
data.  Continuous motivation and reminders may enhance commitment to exercise, 
particularly for older populations with multiple morbidity (808) and these should be 
implemented in a future trial, as discussed.   Predictors of adherence are uncertain 
for fall prevention programmes (808).  Older individuals adherent to exercise 
programmes are likely to be from high socio-economic backgrounds, relatively 




active, healthy and fit (808).  The challenges to adherence, extracted from the 
participants’ profile, are shown in the cause and effect diagram, Figure 22. 





 Figure 22. Root cause analysis of factors associated with good adherence. 
- 




This section compares adherence rates with published OEP and WBB rates.  
More WBB (90%) than OEP participants (54.5%) exercised ≥4 times per week in the 
initial three-month period; although rates were comparable at six months (WBB: 
66.7% and OEP: 62.5%).  However, only a small percentage of participants in either 
group reached adherence levels compatible with the gold standard of 150 minutes 
per week (WBB: 20% and OEP: 14%).  Comparing adherence rates with literature is 
difficult as researchers set different standards for adherence.  For example, 
adherence may be a proportion of prescribed sessions attended (535) rather than 
meeting an external criterion for exercise to be beneficial, as in this report.   
Systematic reviews (e.g., Miller et al.) have not always confined their eligibility 
criteria to large home-based RCTs (816).  Adherence rates in a small case series or 
pre-test post-test design might be very different, due to issues such as therapeutic 
alliance, levels of supervision, or type of setting.  Indeed, few exergaming 
interventions have been offered in a largely unsupervised manner or in home 
settings, resulting in outstanding questions regarding their effects (817).  
Approximately a third (36.7%, ± 15.8%) of OEP participants in one MA met an 
exercise target of ≥3 times per week at 12 months after induction (53).  A Thai study 
of OEP set a target of 120 minutes per week, which was met by 29.6% of 
participants at three months (330).  Results in this thesis are somewhat comparable, 
with 38% of OEP and 41% of WBB participant meeting the 120 minutes per week 
target.  Although not statistically significant, there was a trend towards better 
adherence in the WBB group, upholding suggestions that exergaming might 
encourage better adherence than conventional programmes (535). 




Preliminary Evidence for the Interventions 
 Turning now to the secondary aim, this section will discuss physical endpoints 
with a focus on falls.  Prior to discussion of these results, some consideration of 
strengths, and limitations of feasibility designs to assess efficacy is necessary.  
Strengths of this study include its stringency, adoption of RCT principles, choice of 
both questionnaires, and multiple endpoints for balance.  The use of a 
phenomenological lens allowed exploration of participants’ experiences and 
influenced recommendations for a future trial.  Limitations are presented next. 
First, while the effect of interventions may be part of feasibility outcomes, 
issues with small sample bias (565) are evident.  An imbalance in background 
characteristics (565) was noted at baseline, with the WBB group being younger, and 
having better balance.  WBB participants’ static balance was superior to the costs 
group, and dynamic balance was better than both costs and OEP groups.  
Therefore, it might be argued that the inherent risk in the WBB participants was 
lower than for the other groups.  Rather, caution should be adopted interpreting 
these data.  While the respective outcome measures are commonly used in clinical 
and research settings (8, 386, 613, 818), gold standards are lacking (606).  Such 
deficiencies imply that measures are subject to floor and ceiling effects (already 
discussed) and lack sensitivity and specificity.  Despite utilising a test battery, at the 
risk of redundancy, the endpoints still do not necessarily capture all the complex 
interactions between balance and self- or self- and environmental movement (613).   
Second, small sample sizes necessitate caution (819).  While some 
improvements were noted on physical endpoints, these applied to very small 
numbers.  Notwithstanding the small sample size, the fall risk factors including 




previous falls, multi-morbidities, polypharmacy, and even frailty indicate some level 
of generalisability to published data.   
Sample bias (565) may have been operant, with several recruited participants 
requesting transfer to the costs group.  Should this request have been motivated by 
a fall, bias would be further problematic.  Although participants were questioned 
regarding falls at each follow-up, attrition in the costs group was marked and thus, 
information regarding falls in the costs group is limited.      
 Fourth, between-groups analysis may produce average treatment effects (565), 
where some participants had marked improvement, but the effect was attenuated by 
averaging.  The statistical analysis also fails to capture participants’ views of the 
interventions.  Focus group members noted a subjective improvement in their 
balance, and in some participants, rekindled interest in other forms of exercise 
beneficial to balance, such as dancing (820).  Given that progressive ageing increases 
fall risk (821), small positive changes such as these might be helpful (675).  Thus, 
improved outcomes on physical endpoints of balance and mobility might be 
worthwhile to the individuals concerned (675).  For instance, the focus groups spoke of 
increased ‘mindfulness’ of their balance and gait and attributed such to the WBB.  
Such awareness might well reduce fear of falling, limit activity restriction and in turn, 
reduce fall events (822).   
Reduction of falls in the exercise intervention groups. 
The most interesting and clinically relevant finding regarding the impact of the 
interventions was the reduction in falls.  Almost half (46.4%) the exercise group 
participants had fallen in the year preceding enrolment.  During the six-month trial 
period, a total of 13 falls occurred across the 30 exercise participants, yielding a 
prevalence of 16.6%, a reduction of almost 30%.  Given the participants’ fall risk 




profile and pre-frailty status, this finding is encouraging.  The reduction in fall events 
compares favourably with preliminary OEP findings, where a 30% reduction in falls 
was found for individuals between 65 and 79 years of age (394).  The gain was evenly 
spread between exercise groups; suggesting that increasing physical activity with a 
focus on balance was helpful, but no clear advantage of WBB was evident for fall 
prevalence.  
Putative mechanism for improvement in WBB group. 
The improvement in the rate of falls in the WBB group bears further 
consideration.  As explored in the Chapter I.  Fall Risk Factors in Older Adulthood, the WBB 
can be argued to capture some of the essential tenets of vestibular rehabilitation 
therapy (VRT).  However, the WBB is unlikely to address all the systems sub-serving 
balance.  These limitations include the WBB’s inability to simulate dynamic balance 
situations during gait, induce reactions to physical perturbations of balance, and that 
stepping activities are largely prevented by the use of a platform (823).  Certain 
movements such as hopping and jumping are not possible when using the WBB (824).  
In addition, the WBB has been criticised for failing to foster use of sensory re-
weighting strategies to maintain postural control (823), an important feature of VRT 
(825).  The WBB limits exercise to within the bounds of an individual’s stability and 
base of  support (823).  However, evidence suggests that VRT is more effective when 
individuals’ limits of stability are reduced (826), so working within this constraint may 
not be crucial for improvement.  In addition, it could be posited that gaze stability 
exercises, incorporated in the WBB, might improve static balance by triggering re-
weighting processes (827).  Recent research using a customised exergame for older 
adults suggested that gaze stability improved for the Dynamic Visual Acuity67 test, 
 
67 See Glossary of Terms. 




and further, that this translated to improvements in gait (521).  Therefore, while the 
precise mechanisms underpinning the results in the WBB group are unknown, it is 
likely some form of vestibular rehabilitation occurred and reduced fall risk.   
The WBB has further advantages, which may have impacted this study.  Dual-
tasking, an essential quality of the WBB, has been described as helpful for balance 
improvements (823).  The fun nature of exergaming, enjoyed by participants, may 
encourage focus.  The novelty of the task may stimulate neuroplastic processes (55)  
and have underpinned an improvement in the WBB group.  The exposure and 
repetition of dual-tasks may have increased capacity to tolerate such challenges (55), 
and positively affected fall occurrence.  Thus, even though the WBB does not offer a 
truly immersive virtual-reality type experience, aspects of having to negotiate 
complex visual stimuli and maintain balance may have a positive influence in daily 
life.  In contrast, while VRT encourages patients to focus on the task in hand (828), 
dual tasking does not receive much attention in the OEP.   
WBB and frailty. 
Walking speed is the most widely used test conducted by doctors to predict 
frailty, and is simple and effective (829).  As discovered post-hoc and discussed, 
groups met some criteria for pre-frailty or frailty based on physical endpoints.  Frailty 
itself is an important clinical issue, associated with increased morbidity, dependence, 
and mortality (830).  PA successfully addresses frailty, and improving balance and 
mobility is convincingly associated with improved health outcomes, including 
functional capacity and independence (830).  Several interesting findings arose from a 
recent review of PA interventions to address frailty.  First, simple interventions were 
effective, and second, interventions with balance components were superior to 




others (830).  Finally, deterioration was attenuated for up to a year                         
post-intervention (830).   
Similar to the OEP, the WBB has demonstrated that lower limb strength can 
be enhanced (679, 823).  This improvement, along with increasing levels of PA, may 
translate into faster walking speeds, as found in both intervention groups in this 
study.  Notwithstanding issues with adherence, a sizable minority of both groups 
(OEP: 41.7%; WBB: 30.8%) improved walking speed by a clinically significant 
margin.  This change likely had a marked positive impact on fall risk.  These findings 
are congruent with an SR, which suggested that WBB was effective for dynamic 
balance (460).   
A Brazilian feasibility RCT (824) evaluated the WBB with frail or pre-frail adults.  
Physical endpoints like the Mini-BESTest, were similar to those used in this 
research, and demonstrated significant improvements (824).  The intervention was 
found to be acceptable, and there was a low incidence of adverse events (824).  
Although there were methodological differences between the Brazilian work and the 
present thesis (e.g., the exercise target did not meet recommended guidelines, the 
setting was a tertiary hospital, and all exercise sessions were supervised (824)) the 
findings are positive and suggest further interrogation in the form of a large scale 
RCT is warranted.  Moreover, the cited and current study have relevance to an 
emerging country setting.  Both might suggest that the investment in public health 
exercise interventions is justified in view of an ageing population, arguably 
predisposed to falls and frailty issues. 
Participants’ experience of WBB. 
 The Results Chapter of necessity offers some interpretation of the qualitative 
data. Much of the focus group conversations were positive, although some 




individuals found various aspects of the WBB programme irritating.  An SR cited a 
number of  factors negatively influencing research participants’ use of the WBB (460).  
Several fears were expressed, and these included fear of falling and injury (when 
using the device), safety-related fears, a lack of confidence using the technology and 
increased anxiety (460).  As noted in the Results, several participants cited anxiety as 
a rationale for non-enrolment, but no-one mentioned anxiety as a reason for poor 
adherence.  Similarly, no participant mentioned or experienced any safety issues or 
falls when using the system.  The only congruence between the SR and this report 
relating to user experience is a loss of interest (460), in turn affecting adherence.  
Recommendations to address such decline, not already mentioned, include making 
the cognitive challenges more apparent (and thus, more rewarding), and closer 
monitoring of progression of acquired skills as an incentive (823).     
 The cited fear of technology, and anxiety linked to this (460), might not have 
been prevalent in this report due to a large majority (86.6%) of exercise participants 
owning a computer.  Technological ability was not formally assessed, rather, being 
able to conduct email correspondence and internet searches was a proxy for basic 
skills.  Older adults have been described as having challenges in terms of technical 
literacy (831).  Furthermore, digital inequality has been described, where individuals 
from higher socio-economic groups have better skills using the Internet than the 
disadvantaged, which in turn can translate into higher health literacy (832).  While 
older adults are an extremely diverse group, predictors of success with technology 
include previous employment, motivation, and knowledge of computers (832).   
Pertinent to South Africa, numeracy skills also predict success in the adoption 
of new technology (833).  Older adults alive in 2020-2030 would have been schooled 
in the apartheid era; where mathematics was taught poorly, by largely unqualified 




teachers, to the majority of the population (834).  Thus, the ability to use WBB or 
similar devices would have to be considered for a future large RCT in a less affluent 
community.  However, the value of technology in terms of health-related quality of 
life may mitigate the impact of numeracy and education levels (833).  A WBB study 
with older, underserved African Americans found that the perceived improvements in 
balance, recognition of the exercise benefits of the programme, and fun were highly 
prized (835)  and could have overcome challenges with technology.  Sentiments 
expressed by participants included feelings of both fun and frustration (835), similar to 
focus group participants in this work.    
Fiscal Motivation for a Large Scale RCT 
Costs of a future RCT. 
 This report has argued for the need to address falls as a problem associated 
with an ageing population in South Africa.  Cost of the current feasibility study were 
extrapolated to estimates for a large RCT.  Should three arms be envisaged, costs 
would be R1,024,296.  Despite the controversy surrounding the efficacy of WBB for 
fall prevention, its potential for use in a LMIC behoves a future study.  The context of 
South Africa, where qualified healthcare professionals are scarce and millions of 
South Africans are denied access to rehabilitation services (836), mandates judicious 
use of technology for rehabilitation purposes.   The results suggest that with 
appropriate modifications, a future large trial might be justified as a next step prior to 
designing population-based interventions.   
It has been suggested that a reduction in falls by at least 17% would yield a 
good return on the investment required to offer exercise-based fall prevention 
programmes at a population level (435).  This feasibility study met and exceeded this 
criterion.  Not only were fall events reduced in the exercise groups, fall injuries were 




not serious. For both groups, minor or no injurious falls outweighed moderate injuries 
(requiring consultation with a health care practitioner (395)).  Although fall occurrence 
was reduced during the trial, OEP participants had more moderate injuries than the 
WBB group (3:1).  This is not surprising, given that the OEP group were older, and 
older adults are more likely to have severe fall injury when compared with younger 
counterparts (277).  Moreover, the OEP group had lower health status, and poor 
health in older adulthood is associated with a seven-fold increase in fall-related injury 
rate when compared with healthy cohorts (808).  The overall reduction in fall events, 
combined with their non-injurious nature, is notable.    
As discussed, the South African government is increasingly recognising the 
needs of an ageing population.  Planning for population- based interventions 
requires significant input, including economic predictions.  A large RCT would permit 
estimation of QALYs and DALYs, along with projections for wide implementation of 
the programmes.  The need for information regarding costs and efficacy of 
interventions for third party funders is essential (435), be they medical insurance or 
National Health Insurance.   
Implications of the Study 
Training implications. 
 All South African healthcare professions’ curricula will require a shift towards 
management of chronic conditions such as NCD and to respond to issues of 
population ageing.  However, it is challenging to summarise the status of gerontology 
studies and even research in Africa (737).  Calls to include geriatrics education and 
gerontology in undergraduate health science curricula in South Africa were made 
more than forty years ago (837).  They remain largely unanswered.  As recently as 
2015, a survey of medical curricula in Sub-Saharan Africa demonstrated that just 




one of 25 responding institutions offered a speciality in geriatric medicine (367).  
Slightly less than half (40%) offered no consideration of gerontology at all (367).  Thus, 
there is a need to focus beyond simply training doctors appropriately, but to extend 
education in ageing to the rehabilitation professions, who are often at the front-line of 
management of the disability related to chronic disease and ageing (736).  Indeed, for 
the rehabilitation professions, practitioners should regard themselves as ‘first 
responders’ to the clinical issue of fall risk and fulfil their mandate towards health 
promotion and disease/disability prevention. 
 This study supports the notion that falls are indeed a problem in LMIC.  Thus, 
embracing screening activities for falls should be mandated at all health care 
consultations for older adults, as has been the case in the USA for audiologists68.  
Moreover, the opportunities for inter-disciplinary practice should be fostered, and 
expanded across a variety of professions.  Falls education should be targeted at 
nurses, social workers, health educators, and others in the public health system in 
order to achieve reductions in fall risk (838).  South Africa has commenced training 
community health care workers, who are at the forefront of primary services (839).  
More recently, community rehabilitation workers have been introduced (840) ideally 
positioned to assess fall risk and implement interventions.  Elsewhere, community 
care workers have been shown deliver exercise-based fall interventions safely and 
effectively (841).  Thus, utilising this cadre of staff could be cost-effective and efficient, 
and should be considered.  
Clinical implications. 
 Besides training our professions to respond to ageing and falls, clinicians 
currently in practice should be actively engaged in managing falls.  Nothing is known 
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concerning audiologists in Africa and their awareness of falls as a clinical problem in 
their patients.  Results from Nigerian physiotherapists were encouraging, with high 
levels of physiotherapists being aware of fall risk factors, and most actively 
addressing them during treatment (842).  Interestingly, half the respondents never or 
rarely referred patients with fall risk to any other professional (842).   
 The high occurrence of falls in this report suggest that health care 
professionals in this country should be vigilant and active partners in managing fall 
risk and promoting exercise-based interventions.  However, changing clinical 
practice can be challenging and requires concerted, targeted education efforts for  
practitioners (843).   
While evidence-based practice guidelines exist, and an abundance of 
evidence for exercise-based fall preventions strategies is available, uptake of 
guidelines has been described as sub-optimal in systematic reviews (844).  Moreover, 
knowledge of guideline use in LMIC is likely under-represented in these reviews (845).  
For instance, although China has a unique dual system of traditional and Western 
medicine, low numbers of either type of practitioner utilised clinical guidelines (846).  In 
Saudi Arabia, doctors cited a lack of institutional leadership, lack of awareness, and 
knowledge of guidelines as reasons for non-implementation (847).  South African 
physiotherapists, particularly those working in state settings, indicated a lack of time 
to both research and implement guidelines was a barrier (845).  Further obstacles 
were little confidence in finding and using evidence, and limited access to the 
literature (845).  Thus, addressing attitudes towards the evidence base may be 
required, prior to focussing on falls. 
In addition to encouraging practice of fall risk identification and management, 
referral pathways would have to be explicit (843).  As the National Health Insurance 




system is currently being finalised (848), the timing is conducive to starting 
conversations regarding fall management pathways.  The opportunity for all 
rehabilitations professions to unite in calling for better management of issues facing 
older adults, particularly those in poverty and disempowered, is now.      
Policy implications. 
 While feasibility studies often lack firm evidence for the success of 
interventions, some results might signal the need for policy development and 
consolidation.  For example, the high prevalence of falls in the year preceding 
participants’ enrolment, and the marked reduction in fall events in the exercise 
groups, and acceptance of the WBB are of interest.  South Africa has legislation 
protecting the rights of older adults and is attempting to turn the tide of age-related 
issues, as discussed earlier.  The National Development Plan 2030 aims for 
transformation and correction of previous inequities (750).  With policies to increase all 
South Africans’ life expectancy to 70 years by 2030 (747), there is scarcely a more 
pertinent time to focus national efforts towards care of older adults and fall 
prevention.   
There is an urgent need to involve the public health system in planning for falls (838), 
and work should occur at a national and provincial level.  To prevent disjointed 
planning and delivery across government departments (e.g. Health, Social 
Development, Human Settlements, Women, Youth, and Persons with Disability), a 
case could be made for a collaborative effort in the form of a coalition (849).  Alliances 
could unite stakeholders, be they older adult associations, government departments 
and non-government organisations in a common cause.  Coalitions are in a powerful 
position to act as advocates for older adults, allowing their voices to be heard, 
promote their interests and lobby for action, and inform policy decisions (849). 




Furthermore, coalitions raise the opportunity for transforming research efforts into 
policy through implementing multi- or trans-disciplinary approaches (850).  For 
example, the problem of falls could be approached from a health science and built 
environment perspective.  Coalitions are likely to be able to use their combined 
influence to convince policy-makers regarding the cost-effectiveness of fall 
prevention strategies (849).   
As discussed in the Chapter I.  Fall Risk Factors in Older Adulthood, managing 
adverse consequences of falls is expensive, and many adults require care beyond 
simple acute injury treatment.  National Health Insurance is becoming a reality in 
South Africa, but must be people-centred when health systems are constructed and 
reformed (851).  Second, universal health coverage has been criticised as an often 
over-medicalised model at the expense of health promotion and disease prevention, 
although efforts to address non-communicable diseases in Africa exist, for example, 
the Chronic Disease Initiative for Africa (851). 
Failing to respond to the changing profile of South Africans in terms of age 
and chronic disease with targeted policy is potentially disastrous.  The government is 
already considering the Sustainable Development Goals of wellness at every age, 
and so should seize the opportunity to implement proven interventions, and indeed 
technological innovations. 
Recommendations for Future Research 
 Naturally, the first step towards future South African research is to conduct 
large scale epidemiological studies of fall risk, falls and their consequences in rural 
and urban settings across the country.  These studies would permit issues of 
disability and the costs of injury to be calculated and direct the need for rehabilitative 
services.  Principles of supply and demand should be observed for interventions (843), 




and there is scant knowledge of fall prevalence, nor attitudes towards falls and fall 
prevention strategies, implying these areas require further exploration. 
 Second, large scale, well-funded and adequately powered RCTs of exercise-
based interventions should be conducted in different settings to explore efficacy.  
Additional research should explore the cultural appropriateness of various 
interventions including technological innovations, necessitating mixed 
methodologies.    
 Further research may explore preferences for the method of intervention 
delivery along with the professionals who offer such interventions, as well as the 
recipients.  Costing of different models could be calculated in terms of the projected 
cost of programmes, and the costs saved by preventing DALYs. 
 This report raised several broader issues in the study population, which are 
not strictly linked to the rehabilitation professions, although the presence of such 
factors surely impacts upon them.  These include polypharmacy, the high levels of 
participants taking psychotropic medications, and pre-frailty indicators in an older 
adult population living independently.  The role of exercise might positively impact on 
these problems, and research is clearly required into these and other geriatric giants 
in South Africa.   
 The profile of participants suggests they have met only some of the criteria for 
successful ageing, which are: low probability of disease and disability, high cognitive 
and physical functioning, and active engagement in life (852).  Poor environmental 
conditions in South Africa have been described as barriers to successful ageing (853), 
so future research into successful ageing needs to be holistic and policies to address 
ageing concerns inclusive of both intrinsic and extrinsic factors.    




Finally, self-efficacy for exercise levels were reasonable, so future research 
could focus on how to harness these into sustained action, and how exercise can 
contribute towards successful ageing programmes.  
Conclusion 
 This report has demonstrated that with some adaptions, a large-scale RCT of 
the WBB to manage fall risk would be feasible.  The mixed methods permitted 
exploration of participants’ experiences as well as estimations of important 
constructs for a future trial, such as adherence, attrition, and retention.  Valuable 
lessons have been learned which can be applied to future research.   
The work has considered aspects of context in one community in a LMIC, 
preparing the way for adoption in other communities and future research.  
Furthermore, the interventions markedly reduced the occurrence of falls, suggesting 
further research is worthwhile.  Finally, the report has offered a novel rationale for 
the mechanisms behind the possible success of the WBB, using a vestibular 
rehabilitation focus.





Appendix A Exercise intervention programmes (OEP and WBB) 
Appendix A.1 Summary of exergame systematic reviews 
Table A.1. Summary of exergame systematic reviews. 














































































































































Legend: ABC: Activities-specific Balance Confidence Scale; ADL: activities of daily living; AE: Adverse events69; BBS: Berg Balance Scale; CI: confidence 
interval; FTSST: Five times sit to stand test; ITT: intention-to-treat; MA: meta-analysis; MD: mean difference; PA: physical activity; PICOS: participants, 
interventions, comparisons, outcomes, study design; RCT/s: randomised control trial/s; SAS: self-assessment scales; SD: standard deviation; SLS: single leg 
stance; SMD: standardised mean differences; SR: systematic review; SUS: Systems Usability Scale; TUG: timed up and go; VRT: vestibular rehabilitation 
therapy; WBB: Wii Balance Board.
 
69 See Glossary of Terms. 














Appendix A.3 Otago Exercise Programme. 
OtagoExercises.pdf
 
Please left double click on the link above to open the Otago Exercise 
Programme PDF.  Highlights from the training resources cited below are included in 
this Appendix.  See below for an example of the main features of the OEP and how 
the exercises were progressed. 
 




Main features of the Otago Exercise Programme. 
 
The chart below describes the assessments, activities, intensity, 
progressions, frequency, length of exercise sessions, and duration of the 
strengthening and balance exercises and walking programme.  
 
Otago Main Features 
 Strengthening Balance Retraining Walking 
 
Assessment 




















Four levels of difficulty 















Each exercise at a 
level that the patient 
can safely perform 
unsupervised 
 
Usual pace with 




Increase from one 
to two sets 
Increase amount 
of ankle weight 






Advance to walking 
outdoors when 







Approximately thirty minutes total for 
exercises; Exercises can be divided up over 
the day 
Thirty minutes; can 
be split into three 
ten- minute walks 
throughout the day 
 
Frequency 
Three times a week 
with rest day 
between 
At least three times 
a week 
 
At least twice a week 
  





Progression of Exercises at Follow-up Visits 
Strengthening Balance Retraining 
▪ Increase ankle weights or the number 
of sets performed, according to the 
Levels and Repetitions for the 
Exercises chart. 
– Participants should complete two sets 
of 10 repetitions before progressing to 
the next level 
– Increasing weights should not 
produce adverse side effects (e.g., 
pain, injury, cardiovascular events, 
non-compliance) if prescribed and 
done correctly. 
▪ Progress from holding onto a stable 
structure to performing the exercise 
without support. 
▪ Progress through the levels of 
exercise according to the Levels and 
Repetitions for the Exercises chart. 
 




Levels and number of repetitions for the exercises. 
 
The chart below provides information about the Otago Exercise 
Programme exercises, including how many repetitions and which exercises can 
be done at each level. This information will be useful for physical therapists when 
meeting with a patient. It details the number of repetitions per exercise based on 
the patient’s starting abilities. Remember that not everyone will start at the first 
level or be prescribed all of the balance exercises. Some balance exercises may 
have to be modified due to pain or safety.  All strength exercises are prescribed 
throughout the duration of the program, although not all may be prescribed at the 
first home visit. 
  




Otago Exercise Levels and Repetitions 
WARM-UP (FLEXIBILITY) EXERCISES 
Head 
Movements 
Stand tall, 5 times on 
each side 




Stand tall, 5 times Ankle Movements Stand or sit, 10 times 
Back Extension Stand tall, 5 times   
STRENGTHENING EXERCISES 
Knee Extensor ALL 4 LEVELS 
Ankle weights are used to provide resistance; perform 10 
repetitions of each exercise, when able to do 2 sets of 10 





10 repetitions, hold support, 
repeat 
LEVEL D 
10 repetitions, no support, repeat 
Toe Raises 10 repetitions, hold support, 
repeat 
10 repetitions, no support, repeat 
 
 
Otago Exercise Levels and Repetitions 
BALANCE RETRAINING EXERCISES 













Hold support, repeat 
 
10 repetitions 







 10 steps, 4 
times Hold 
support 






 Walk and turn 
around (do a figure 
8) twice 
Use walking aid 
Walk and turn 








 10 steps, 4 
times Use 
walking aid 







































No hold Heel 
Walking 
  10 steps, 4 
times Hold 
support 




  10 steps, 4 
times Hold 
support 



















5 stands, 1 hand or 
10 stands, 2 
hands for 
support 
10 stands, no 
support or 10 
































The chart below shows how the exercise prescriptions and visits were recorded. 
 
Participant ID 
Visit Number 1 2 3 4 
Date (mm/dd/yy) 
Note if Cancellation (C) or No Show (NS) 
    
Therapist ID     
Meeting Type 
Face-to-Face(F) or Phone (P) 
    
# of Falls since last visit     
Warm-up 
Yes (Y) or No (N) 
    
Strength Exercises 
Front Knee Record as Weight/Reps     
Back Knee Record as Weight/Reps     
Side Hip Record as Weight/Reps     
Calf Raises 
Record as Weight/Reps  
Note Support: 1 Hand (1H), 
2 hands (2H), 
No Support (NS) 
    





Record as Weight/Reps  
Note Support: 1 Hand (1H),  
2 hands (2H), 
No Support (NS) 
    
Balance Exercises 
Note Support:  
1 Hand (1H),  
2 hands (2H), No Support (NS) 
Knee Bends 
Record as Support/Time 
or Steps/Reps 
    
Backwards Walk 
Record as Support/Time  
or Steps/Reps 
    
Walk and Turn 
Record as Support/Time 
or Steps/Reps 
    
Heel Toe Stand 
Record as Support/Time 
or Steps/Reps 
    
Heel Toe Walk 
Record as Support/Time 
or Steps/Reps 
    
One Leg Stand 
Record as Support/Time 
 or Steps/Reps 
    
Heel Walking 
Record as Support/Time  
or Steps/Reps 
    
Toe Walking 
Record as Support/Time 
or Steps/Reps 
    




Heel Toe Walk Backwards 
Record as Support/Time 
or Steps/Reps 
    
Sit To Stand 
Record as Support/Time 
or Steps/Reps 
    
Walking 
Stair Walking   
Record as # of Steps 
    
Walking  
Record average minutes walked, 
# of times/day, and # times/week 




Training resources to equip the physiotherapist who delivered the intervention 
were sourced from https://www.med.unc.edu/aging/cgec/exercise-program/tools-for-
practice/ImplementationGuideforPT.pdf. Note this was the original reference used, 
but the link is no longer active. The reference below is very similar to the material 















Appendix A.4 Permission to use WBB exercise programme. 
 
Dear Christine 
Here you go, my thesis is on the e-repository of the institution if you need any further 





A few comments that might help- One of our interesting findings was in relation to 
the ABC, whilst not significant, it showed that the Wii group had less confidence than 
the conventional group after treatment….could be random but I’ll be interested to 
know what you find. We found no evidence for superiority of the Wii, except perhaps 
in the overall enjoyment, tiredness after and difficulty with balance exercises. The Wii 
seemed to be superior in these. Also usability was less with elderly, not un-expected 
but 3 elderly randomised to the Wii had to cross to the conventional group. We 
screened them pretty carefully for ability to use a wii, asked them if they were 
comfortable with the tv remote, was there someone who could help them etc.  
Finally, consider using some form of rocker for the Wii board or foam on it, an 
unstable surface I think crucial if you are trying to upscale vestibular function in 
particular. The criticism levelled at the Wii Fit Plus is that it is mostly static 
balance…which is why I put in the stepping aerobics programme…to get them 
starting, stopping and changing direction…all require vestibular input. 
 
 




From: Christine Rogers [mailto:christine.rogers@uct.ac.za]  
Sent: 23 June 2015 10:37 
To: Dara Meldrum 
Subject: RE: researcher at University of Cape Town doing Wii Fit study on fall 




Many thanks for your very quick response.  I would love to have a pre-print version if 












 From: Dara Meldrum [mailto:dmeldrum@rcsi.ie]  
Sent: 23 June 2015 11:29 AM 
To: Christine Rogers 
Subject: Re: researcher at University of Cape Town doing Wii Fit study on fall risk 
reduction requests guidance 
 
Christine 
Thanks for your mail and interest in my research. Your project sounds very 
interesting.  Our study will be fully published next month in APMR and the exact 
exercises and the exercises booklets will be in the supplemental material. Have you 
access to archives of phys med rehab? I will prob be able to send you a pre print 
version so if you would like that I can email on? 
All the best 
Dara 
 
Sent from my iPhone 
 
Dr. Dara Meldrum BSc, MSc, PhD (NUI, RCSI), MISCP 
Lecturer 
 
RCSI School of Physiotherapy 
Royal College of Surgeons in Ireland 
123 St. Stephen's Green, Dublin 2, Ireland 
T: 2368  
E: dmeldrum@rcsi.ie W: www.rcsi.ie 
RCSI DEVELOPING HEALTHCARE LEADERS 
WHO MAKE A DIFFERENCE WORLDWIDE  




On 23 Jun 2015, at 10:21, Christine Rogers <christine.rogers@uct.ac.za> wrote: 
Dear Dr Meldrum 
  
Many thanks for taking the time to read this email.  I am a Ph.D. student at the 
University of Cape Town and am at the proposal stage of my dissertation.  I am 
doing a cluster randomised superiority RCT looking at Wii vs. the Otago Exercise 
Programme for reducing falls and using secondary outcomes of balance and gait 
measures.  I would appreciate, if you wouldn’t mind sharing it, information about 
exactly which exercises you chose for your intervention for vestibular rehab.  If you 
could also tell me if you did warm up and cool down exercises, and the nature of 
these, I would be most grateful. 
  
Thank you so much for your assistance, 
  






Senior Audiology Lecturer 
University of Cape Town 
  
Division of Communication Sciences and Disorders 
Department of Health and Rehabilitation Sciences 
F45, F Floor, Old Main Building 
Groote Schuur Hospital 
Observatory 
Cape Town, 7925 
  
Tel: +27 21 406 6315 





UNIVERSITY OF CAPE TOWN  
 
This e-mail is subject to the UCT ICT policies and e-mail disclaimer published on our 
website athttp://www.uct.ac.za/about/policies/emaildisclaimer/ or obtainable from 
+27 21 650 9111. This e-mail is intended only for the person(s) to whom it is 
addressed. If the e-mail has reached you in error, please notify the author. If you are 
not the intended recipient of the e-mail you may not use, disclose, copy, redirect or 
print the content. If this e-mail is not related to the business of UCT it is sent by the 








Appendix A.5 Wii Fit Balance Board Programme. 




Safety Instructions for Balance Exercises- PLEASE READ CAREFULLY 
To improve balance, you have to challenge it.  This means you will be unsteady 
when doing the exercises in this booklet and there is a risk you might fall. This risk 
must be minimized to ensure your safety. 
So, this week when performing the exercises, your therapist recommends 
Having someone beside you that is able to steady you  
Having a chair(s)/couch/counter beside you to hold/lightly touch    
When using the Wii Fit Plus you will be concentrating on the screen as well as your 
balance so be careful to make sure you are not losing your balance. 
Only do the exercises in the way your therapist has taught you. If at any time you 
feel unsteady, please make sure you have a firm support such as suggested above 
to help you regain your balance.  The aim is to decrease your reliance on the support 
while remaining SAFE. 










Week 1 Wii: Your session on the Wii should last 20 minutes 5 days per week.  
Please do not exceed this. 
Please have a high-backed chair or other support surfaced nearby to use as needed. 
Go through your exercise programme on the Wii Fit Plus as set up by your therapist. 
My Wii Fit Plus → My Routine  
1. Warm-up exercises – Wii 1 (yoga deep breathing) to Wii 6 (yoga deep 
breathing) 
Wii 1 –Yoga Deep Breathing- Do this exercise as instructed by the Wii trainer.  Try 
and keep your balance steady keeping the red dot in the yellow circle. 
Wii 2 – Deep Breathing- This time practice shifting your weight onto your toes, to 
the right foot, back onto your heels, to the left foot as if draw a circle with the red dot 
around the yellow circle.  
Wii 3 – Standing knee. If you cannot bring your foot right up to your chest just try 
and get it off the ground, lightly touch the chair with your hands for support and then 
aim to decrease your dependence on the chair. You are aiming to try and stay on 
one leg with no support, but this will take time. 
Wii 4 – Single leg extension.  You may not be able to do the arm movements in 
this exercise, Try and do the leg movements. Only do small leg movements this 
week. Lightly touch the chair with your hands for support and then aim to decrease 
your dependence on the chair. 
Place the chair in front of you for the remaining exercises. 
Wii 5 – Sideways Leg Lift.  You may not be able to do the arm movements in this 
exercise. Try and do the leg movements but put your foot down if you need to.  Only 
do small leg movements this week. Lightly touch the chair with your hands for 
support and then aim to decrease your dependence on the chair.  
Wii 6 – Yoga Deep Breathing –Do this exercise as instructed by the Wii trainer.  Try 
and keep your balance steady keeping the red dot in the yellow circle. This exercise 
is for relaxation. 
 
2.  Wii Exergames – Heading game – Free stepping 
• Go to Wii Fit Balance Games and play the Heading Game once. Try to move 
your head as fast as you can.  This is game 1.   
Scores_______________________ 
• Go to Wii Fit Balance Games and play the Table tilt game once.  This is game 
2. 
Scores_______________________ 
• Go to Wii Fit Balance Games and play Penguin slide once.  This is game 3. 
Scores________________________ 




• Go to the Wii Fit Aerobics and select Free Stepping.  Step for 2 minutes (i.e. 
from 10 minutes down to 8 minutes, keep in rhythm with the Wii. Keep your 
eyes on the screen at all times, and make sure the screen is in focus. If this 
exercise becomes very easy during the week, practice turning your head slowly 
from side to side during the exercise while looking at the screen. Press “+” to 
remote controller to quit.   This is game 4. 
 
 
3. Week 1 Walking 
Walk outside 5 out of 7 days for 10 minutes. Have someone with you if instructed by 
your therapist. 
 




1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
 
Week 1 Log of exercises.  Please tick each box.  In box 2 detail then, actual games 
played by their number.  In box three enter the number of minutes walked each day. 
 















PLEASE RE-READ THE SAFTEY INSTRUCTIONS ON PAGE 1 CAREFULLY 
Wii Week 2: your session on the Wii should last 20 minutes 5 days a week.  Please 
do not exceed this. Please have a high-backed chair or other support surface 
nearby. 
Go through your exercise programme on the Wii Fit plus as set up by your therapist 
in the clinic. 
Week 2 Wii 
My Wii Fit Plus →My Routine. 
1. Warm –up exercises Wii 1 (yoga deep breathing) to Wii 6 (yoga deep breathing) 
Wii 1-Yoga Deep breathing- Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
Wii 2- Yoga Deep breathing.  
This time practice trying to shift your weight from front to right to back and draw a 
circle with the red dot around the yellow circle. Try closing your eyes for short 
periods. 
Wii 3- Standing Knee 
If you cannot bring your foot right up to your chest just try and get it off the ground, 
lightly touch the chair with your hands for support and then aim to decrease your 
dependence on the chair.  Try and improve the length of time on one leg this 
week. 
Wii 4 - Single Leg Extension may not be able to do the arm movements in this 
exercise. Try and do the leg movements. Only do small leg movements this week. 
Lightly touch the chair with your hands for support. Try to decrease your 
dependence on chair this week. 




Place the chair in front of you for the remaining exercises. 
Wii 5- Sideways leg Lift. Place the chair in front of you for this exercise. You may 
not be able to do the arm movements in this exercise. Try and do the leg 
movements. Only do small leg movements this week. Lightly touch the chair with 
your hands for support and then aim to decrease your dependence on the chair. 
Wii 6- Yoga Deep breathing – Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
2.Wii Exergames – Heading game - aerobics 
 
• Go to Wii Fit Balance games and play the Heading once. (Try and move your 
head faster this week).  This is game 1. 
Scores______________________ 
1. Go to the Wii Fit Balance Games and play Table tilt game once. This is 
game 2. 
Scores_______________________ 
2. Go to Wii Fit Balance Games and play Penguin slide once.  This is game 3. 
Scores__________________________ 
5. Go to the Wii Fit Aerobics and select Step Basics. This has more difficult 
patterns than last week. Keep your eyes on the screen at all times, and make 
sure the screen is in focus. This is game 4.   
Scores____________________________ 
3.  Week 2 Walking programme. 
Try and walk outside daily for 15 minutes. Have someone with you if instructed 
by your therapist. 
4. Please complete the log of your exercises below. 
Exercise 
set 
1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
 




Week 2 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
If you have any concerns or questions about your exercises, please 
call__________________ 
 




PLEASE RE-READ THE SAFTEY INSTRUCTIONS ON PAGE 1 CAREFULLY 
 
Wii Week 3; your session on the Wii should last 20 minutes 5 days a week.  Please 
do not exceed this. Please have a high-backed chair or other support surface 
nearby. 
Go through your exercise programme on the Wii Fit plus as set up by your therapist 
in the clinic. 
My Wii Fit Plus →My Routine. 
1. Warm –up exercises Wii 1 (yoga deep breathing) to Wii 6 (yoga deep 
breathing) 
Wii 1-Yoga Deep breathing- Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
Try and close your eyes this week for the count of 10. 
Wii 2- Yoga Deep breathing.  
This time practice trying to shift your weight from front to right to back and draw a 
circle with the red dot around the yellow circle.  
This week try and close your eyes for the count of 10. 




Wii 3- Standing Knee 
If you cannot bring your foot right up to your chest, just try and get it off the ground. 
Continue to try and improve your ability on this exercise. 
Wii 4 - Single Leg Extension. You may be able to do the arm movements in this 
exercise this week. Lightly touch the chair with your other hand for support and 
then aim to decrease your dependence on the chair. 
Place the chair in front of you for the remaining exercises. 
Wii 5- Sideways leg Lift. Place the chair in front of you for this exercise. You may 
be able to add in the arm movements as well as the leg movements this week. 
Lightly touch the chair with your other arm for support and then aim to decrease 
your dependence on the chair. 
Wii 6- Yoga Deep breathing – Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
2. Wii Exergames – Heading game - aerobics 
• Go to Wii Fit Balance games and play the Heading twice. (Try and improve 
your score this week).  This is game 1. 
 
• Go to the Training Plus and play the Table Tilt plus game twice.  This is 
game 2.   
 
• Go to the Wii Fit Aerobics and select Step Basics. If you are able to do the 
routine no problem this week try and move your head from side to side slightly 
during the programme, whilst keeping your eyes on the screen. At all times 
make sure the screen is in focus. This is game 3.   
 
3. Week 3 Walking programme. 
Try and walk outside 5 out of 7 days for 20 minutes.  Have someone with you if 
instructed by your therapist. 
4. Please complete the log of your exercises below. 
Exercise 
set 
1 2 3 






Please write the game number of 





Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    





Week 3 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
If you have any concerns or questions about your exercises, please 
call__________________ 
 
Week 4 Exercises 
 
 
PLEASE RE-READ THE SAFTEY INSTRUCTIONS ON PAGE 1 CAREFULLY 
Wii Week 4: your session on the Wii should last 20 minutes 5 days a week.  Please 
do not exceed this. Please have a high-backed chair or other support surface 
nearby. 
Go through your exercise programme on the Wii Fit plus as set up by your therapist 
in the clinic. 
My Wii Fit Plus →My Routine. 
1. Warm –up exercises Wii 1 (yoga deep breathing) to Wii 6 (yoga deep breathing) 
 
Wii 1-Yoga Deep breathing- Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
Try and close your eyes during this exercise. 
Wii 2- Yoga Deep breathing.  
This time practice trying to shift your weight from front to right to back and draw a 
circle with the red dot around the yellow circle. Close your eyes while doing this.  
See if you can increase the speed this week. 
 




Wii 3- Standing Knee 
See if you can start bringing your leg up higher this time. Try not to touch the chair, 
this week put your other foot down if you lose your balance.  
Wii 4 - Single Leg Extension.  Do the arm movements in this exercise this week.  
Lightly touch the chair with your hands for support and then aim to decrease your 
dependence on the chair. 
Place the chair in front of you for the remaining exercises. 
Wii 5- Sideways leg Lift. Lift place the chair in front of you for this exercise.  Try to 
do the full exercise this week. 
Wii 6- Yoga Deep breathing – Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
2. Wii Exergames – Heading game - aerobics 
• Go to Wii Fit Balance games and play the Heading twice. (Try and improve 
your score this week).  This is game 1. 
 
• Go to the Training Plus and play the Table Tilt plus game twice.  This is 
game 2.   
 
• Go to the Wii Fit Aerobics and select Step Basics. Try and move your head 
from side to side slightly as well as up and down during the programme, whilst 
keeping your eyes on the screen. At all times make sure the screen is in focus. 
This is game 3.   
 
3. Week 4 Walking programme. 
Try and walk outside 5 out of 7 days for 20 minutes.  Have someone with you if 
instructed by your therapist. 
4. Please complete the log of your exercises below. 
Exercise 
set 
1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    





Week 4 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
If you have any concerns or questions about your exercises, please call us. 





PLEASE RE-READ THE SAFTEY INSTRUCTIONS ON PAGE 1 CAREFULLY 
Wii Week 5; your session on the Wii should last 20 minutes 5 - 7 days a week.  
Please have a high-backed chair or other support surface nearby. 
Go through your exercise programme on the Wii Fit plus as set up by your therapist 
in the clinic. 
My Wii Fit Plus →My Routine. 
Place the chair in front of you. 
1. Warm –up exercises Wii 1 (yoga deep breathing) to Wii 6 (yoga deep 
breathing) 
 
Wii 1-Yoga Deep breathing- Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady keeping the red dot in the yellow circle. 
Throw a ball in the air when doing this. 
Wii 2- Yoga Deep breathing.  
This time practice try to shift your weight from front to left to right to back and draw a 
circle with the red dot around the yellow circle. 




Wii 3- Yoga Deep breathing- Do this exercise as instructed by the Wii trainer.  Try 
and keep your balance steady keeping the red dot in the yellow circle.  Move your 
head from side to side and up and down. 
Wii4- Palm Tree. Do as instructed by Wii trainer.  
Wii 5- Tree Pose.  See if you can start getting into this pose, if you find it hard just 
place one foot on the other but see if you can do the arm movements. Try not to 
touch the chair, this week put your other foot down if you lose your balance. 
2.  Wii Exergames – step to heading game 
• Go to the Training Plus and select Step Plus.  This is game 1. 
Scores.__________________________________________ 
• Go to Training Plus and select Snowball fight and play twice.  This is 
game 2.  
Scores__________________________________ 
• Go to Training Plus and play the Balance Plus game once.  This is 
game 3.   
Scores________________________________ 
• Go to Wii Fit Balance Games and play the Heading game once. This is 
game 4.   
Scores___________________________________ 
3. Week 5 walking programme. 
Try and walk outside 5 out of 7 days for 30 minutes. Have someone with you if 
instructed by your therapist.  
4. Please complete the log of your exercises below. 
Exercise 
set 
1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
Week 5 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
If you have any concerns or questions about your exercises, please call us. 
 








PLEASE RE-READ THE SAFTEY INSTRUCTIONS ON PAGE 1 CAREFULLY 
Wii Week 6: your session on the Wii should last 20 minutes 5 - 7 days a week.  
Please have a high-backed chair or other support surface nearby. 
Go through your exercise programme on the Wii Fit plus as set up by your therapist 
in the clinic. 
My Wii Fit Plus →My Routine. 
Place the chair in front of you. 
1. Warm –up exercises Wii 1 (yoga deep breathing) to Wii 6 (yoga deep 
breathing) 
 
Wii 1-Yoga Deep breathing- Do this exercise as instructed by the Wii trainer. Try 
and keep your balance steady while moving your head from side to side and then 
up and down keeping the red dot in the yellow circle. Try closing your eyes for short 
periods. 
Wii 2- Yoga Standing knee pose 
Do this exercise as instructed by the Wii trainer.  
Wii 3- Yoga Deep breathing- This time practice trying to shift your weight from front 
to left to right to back and draw a circle with the red dot around the yellow circle.  
Wii4- Yoga Deep breathing. Do as instructed by Wii trainer. Try and keep your 
balance stead keeping the red dot in the yellow circle.  
Wii 5- Yoga Tree Pose. Continue to try and improve this pose.  
2. Wii Fit Exergames 
• Go to the Training Plus and select Step Plus. This is game 1. 
Scores.___________________________________________ 




• Go to Training Plus and select Snowball fight and play once.  This is 
game 2. 
Scores__________________________________ 
• Go to Training Plus and play the skateboarding once (this will be 
difficult, do not try unless you are instructed by your therapist. If you 
cannot do the skateboard, try skiing or Balance Bubble.  Then try to 
master skateboarding in the remaining week of the programme.  This is 
game 3.   
Scores________________________________ 
• Go to Training Plus and play the Balance Plus game once. This is 
game 4.   
Scores___________________________________  
3. Week 6 and beyond walking programme. 
Try and walk outside five times a week for 30 minutes. Have someone with you if 
instructed by your therapist. 
4. Please complete the log of your exercises below. 
Exercise 
set 
1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
Week 6 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day.  
More logs appear on the following pages 
 










Week 7-12 logs were provided as shown below 




1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
 
Week 7 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
 
Week 8 




1 2 3 






Please write the game number of 





    
Day 1    
Day 2    
Day 3    
Day 4    
Day 5    
Day 6    
Day 7    
 
Week 8 Log of exercises.  Please tick each box.  In box 2 detail the actual games 
played by their number.  In box three enter the number of minutes walked each day. 
 




Appendix B Supplementary Tables to Support Literature Review 
Appendix B.1 Fall prevalence in LMIC referenced to USA data.  




























Black African: 6.4% 
 
• Retrospective data collection, so vulnerable to recall bias. 
• Hauer et al.’s fall definition used (854). 
• Not stated if the questionnaires regarding falls and risk factors 
were researcher- or self-administered, which could raise 
concerns regarding bias, given the level of education of sub-
sections of the sample. 
• Marked variance in prevalence based on ethnicity. 






















6.86 million adults   
falling per year 
• Questionnaire asked about having ‘fallen down’ rather than 
using a standardised definition of falls. 
• National sample using systematic randomised sampling of 
clustered ZIP (postal) codes ensured good distribution of 
population, so likely to be generalizable. 
• Focus was on community-dwelling older adults. 
• Similar to Kalula et al., above, a 12-month recall may have 






    










Cuba, Uruguay,  
 
 
Mexico, South  
Western USA 
(Mexican-
American) (263).  
Cross-sectional 







USA and SABE 










on location of city. 
 
• Phrasing of the question regarding falls varied slightly between 
the two studies.  Participants were asked either if they had 
‘fallen down’ or fallen to the ground or floor. 
 
• Urban cities were selected, so the diversity of regions and 
settings was not captured (263).   
 
Ecuador (rural 











• Question was simply ‘have you fallen in the last year’ so 
subject to varied interpretation and recall bias. 
• Highest rates of falls were in rural Andes mountainous regions. 
 
















in urban areas 
 



























• Large sample selected by a cluster-randomisation of 
municipalities. 
• Fall definition not specified.   
• Likely recall bias due to twelve-month recall period. 
 
 





Two studies are referenced later in the Chapter II (Martins et al.; 
Teixeira et al.). 
 










   Falls literature from the ASEAN states is limited and difficult to access 
(1).  Papers from six of the 11 nations in the group were included in a 
scoping review of falls-related literature (1).  Articles had to be in 
English and participants community-dwelling adults >60 years.  All 
studies were retrospective and cited fall prevalence at lower levels 
than Western countries (1).  The authors suggested filial piety could be 
a major cultural difference contributing to lower fall occurrence (1).    
China (264). 
 
SR of 21 
studies from 
five regions in 
Asia, majority of 








studies: 11 – 34% 
Prospective studies: 
15 – 26% 
Median: 18% 
 
• SR with what appear to be very limited MeSH search terms. 
• Both prospective and retrospective studies included with 
follow-up periods of up to one year. 
• English and Chinese literature searched. 
• Selected studies used differing definitions for falls. 
• Risk factors for falls resemble high-income countries but fall 
events consistently lower.   
• Due to the heterogeneity of the studies, a meta-was not 
possible. 
 








14 – 53% 
 
• MeSH search terms appropriate but limited by selected search 
engines. 
• Used accepted fall definition. 
• Studies included are mostly cross-sectional surveys with very 
small sample sizes. 
• Authors suggest that the occurrence of falls in the sub-
Continent is under-reported. 
• Selection criteria for included studies unclear and not 
conducted using SR methodology.  Bias not evaluated. 
• Severe lack of epidemiological information related to falls and 
fall risk in the Asia region. 
 








• Fall definition not standardised simply: ‘Have you fallen?’ 














34.3% falls  • Primary aim was to assess knowledge of falls and fall 
prevention strategies. 











• Used a standardised definition of falls. 
• Participants were attending a health fair at local hospitals so 
possible healthy volunteer bias. 
• Homogenous sample regarding ethnicity. 
• Authors noted weight below normal and obesity both 
associated with fall risk. 
 
Near and Middle 
East 
 
   Authors from the Middle East agree that there is sparse literature 












• Study situated in a town in a predominately agricultural region 
of Iran. 
• Further interrogation not possible due to abstract only available 















• Systematic selection bias may exist in that patients attending a 
general practice could well have more chronic illness, a known 
contributor to falls than the general population. 
• Fall description not given. 
• Generalisability of this study is questioned. 
• Interestingly, over half the sample of the older adults surveyed 
were young-old at 60 – 64 years of age.   
• In addition, 64.4% if the respondents were categorised as 
being at nutritional risk and two-thirds of them had fallen. 
 





















Ages 80 -89 years: 
52.4% 
>90 years: 73.4% 












49.9% • Digital survey in which adults >18 years of age with a relative 
>60 years of age collected data from the older adults and 
entered it on digital link. 
• Definition of fall not disclosed. 
Turkey (mixed 









• Sample drawn from outpatients attending a specialised 
geriatric service in a major centre, therefore previous issues 
with selection bias noted. 
• Almost 10% of the participants came from a nursing home 
which is likely to have elevated the rate of falls in this sample. 
 
  














Appendix B.2 OEP eligibility, enrolment, recruitment and attrition data from trials in high and LMIC. 





















Attrition from randomisation to 










0.58 0.41 0.23 4.34 31 OEP 
28 
controls 
28 OEP at six 
months 
24 controls at six 
months 
 
Attrition OEP: 9.68% 



















0.72 0.72 1.38 10 OEP+ 
balance 
11 OEP + 
stretch 
7 OEP + balance 
8 OEP + stretch 
Attrition OEP + balance: 30% 
Attrition OEP + stretch: 27.8% 
OEP and 












Attrition OEP: 41.9% 





























Attrition from randomisation to 
















Attrition OEP: 17.4% 





















Attrition OEP: 10% 
Attrition controls: 24% 
 











Appendix B.3 Trials of OEP: adherence, safety and outcome measures. 








Outcome measures (those 
included in this research 
are in blue) 
Comments 
OEP and executive 
function.  Canada (409). 




68%: at least 
1/week.   
2 low back pain.  
One discontinued. 
GDS, PASE, Functional 
Comorbidities Index, 
TUG, 
Tests of central executive 
function, Physiological Profile 
Assessment. 
Small sample (N=59), dose (150 
minutes/week) meets recommended 
guidelines (866). 
Modified OEP + balance 
exercises or OEP and 
stretch exercises.  
United Kingdom (162). 
2 OEP group 
classes/week, 
supervised home 
session (number not 




No serious adverse 
effects.  Two 
adverse effects, 
neither related to 
intervention (one 
unrelated foot injury; 
one acute 
hospitalisation). 
Functional Gait Assessment,  
Physiological Profile 
Assessment, SAS of balance 
confidence, vertigo symptoms 
severity and 
anxiety/depression. 
Very small sample (N=15), total dose 
(32 hours over 8 weeks).  Dose (240 
minutes/week) exceeds 
recommended guidelines but short 
duration longitudinally.   
OEP and control.  Iran 
(331). 




No details. BBS, TUG, 30s chair stand, 
self-assessment scales of 
balance confidence and falls 
risk. 
If done 3x/week then meets 
recommended guidelines. 
Modified OEP and 
control.  Thailand (330). 
120 OEP 
minutes/week x 12 
months but physical 
endpoints only 
29.6% at 3 
months 
achieved ‘good’ 
Knee pain: two 
cases in each of the 
experimental and 
control groups. 
TUG, FTSST, EQ-5D, BBS. Participants were assessed as 
having mild balance dysfunction on 
entry.  Dose falls short of 
recommended guidelines. 









32.4% at 6 
months and 





Of 219 participants 
in the experimental 
group, there were 51 
falls.  Of 218 
participants in the 
control group, there 





including modified OEP 
and control.  Thailand 
(429). 
4 OEP/week x 4 
months. 
Overall 90% 
adherence at 4 







Mild pain and 
discomfort, settled 
on continuation of 
exercises, number of 
participants not 
specified. 
Functional reach, TUG 
(simple, cognitive, manual), 
PASE, FTSST. 
Dose meets recommended 
guidelines.  Extremely high 
adherence.  It is noted that the 
participants were drawn from a 
previous study on falls, which may 
have contributed to the high 
adherence. 
 
Legend: GDS: Geriatric Depression Scale.  PASE: Physical Activity Scale for the Elderly.  SAS: self-assessment scales; TUG: Timed-up-and-
go.  FTSST: Five times sit to stand test 
 
 




Appendix C Documents Pertaining to Site Recruitment 
Appendix C.1 Information sheet provided to site managers after initial 
meeting.  
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 




Dear Mr/s … 
Re: invitation for residents living at your facilities to join a research study to 
reduce fall risk 
I am Ph.D. student at the University of Cape Town and seeking your 
permission to conduct a research study at your facilities.  This letter serves as 
confirmation of our meeting today and will outline the study again prior to asking you 
to indicate your consent for your facility to be used as a site for the trial. 
Brief outline of the study 
Older adults are at risk of falls and this risk increases with every year of age.  
We know that falls can have disastrous consequences for those who have fallen and 
their families, and challenges older adults’ ability to live independently and age-in-
place.  We also know that exercise programmes can successfully address and 
reduce falls and fall risk.  One such programme, the Otago Exercise Programme was 
developed in New Zealand.  Newer interventions that require research to see if they 
are possibly effective include the Wii Fit Balance Board.  Much of the research that 
has already been done on the latter is flawed and the question of ‘can it work?’ 




needs to be answered before questions of ‘how well does it work?’  The purpose of 
this study is to evaluate the steps needed for a larger scale clinical trial (called a 
randomised control trial) to be feasible – and answer the ‘can it work’ question.  A 
secondary aim of the study is to see if there is early evidence to support the use of 
the Wii Fit exercise programme.  We understand that some people may be 
interested in helping with the research but not willing to commit to an exercise-based 
intervention programme.  We will ask all the participants, including the latter, to help 
us with collecting information about their falls, their injuries and resulting costs from 
any injuries over a six-month period.   
What kind of people are we looking for to enter the study? 
The study wishes to enrol participants older than 60 years, with Grade 10 (old 
Standard 8) or higher education, who are currently living independently in retirement 
facilities such as those offered by your organisation.  They need to be neither too fit 
nor too frail and we will assess this with a series of simple tests.  No tests will be 
done unless the individuals have been fully informed and signed all the consent 
documents.  This study has been subjected to a rigorous review process and has 
received ethical clearance from the University of Cape Town, Faculty of Health 
Sciences Human Research Ethics Committee (Reference number HREC 818/2015).  
All participants’ information regarding study entry, test results, progress through the 
trial and closure is of course completely confidential to protect the identity of the 
participants. Participants are free to withdraw from the trial at any time without 
having to give reasons. 
What we need from you as a manager 
We would like to negotiate the opportunity for us to access people living in 
your organisation’s facilities.  You should be aware that your consent is being sought 
for us to approach individual participants and to make your facility available for the 
exercise programme and its research aspect to run.   
What will happen at the facility? 
I will visit the facility to meet the key stakeholders, introduce myself and set up 
a date to give a fun, interactive presentation introducing the study.  Interested people 
will drop a slip with their contact details in a box at the back of the room.  Thereafter I 
will contact individuals, send them study information and informed consent 
documents and make an appointment to see them.  Once all questions have been 
answered, informed consent will be taken.  Then participants will be assessed for 
their risk of falls with simple tests and questionnaires.  Once participants at four sites 
have been recruited a date for the exercise programme to commence will be set.  On 
the day of commencement, it will be revealed which site will be receiving which 
intervention.  This means that the site has a 50:50 chance of receiving either the 
‘gold standard’ exercise programme, namely the Otago Exercise Programme, OR 
the novel intervention, which is the Wii Fit programme. 
Appropriately trained, qualified and registered staff will conduct the exercise 
programmes.  Participants will receive instruction in the programmes as well as 
telephonic and home visit follow-ups during the trial.  They will be asked to keep a 




log of exercises done and any adverse side effects including falls.  The study is 
sponsored by the University of Cape Town and has the protection of no-fault 
insurance, which is explained to each participant in detail.  There is no direct benefit 
for the participants in terms of payment; however, evidence suggests that exercise is 
very beneficial and thus, could be helpful for individuals enrolled in the study.  The 
risks are no more than those living in the community and both interventions have 
been shown to be safe.  Every effort will be made to ensure participants’ safety 
throughout.   
At the end of the study, we will offer your staff an opportunity to receive 
training in falls prevention and fall management, to ensure on-going support.  In 
addition, we will offer to train a nominated member of staff in either of the exercise 
programmes used during the study.  We will leave all the necessary equipment for 
your facility. On-going contact with the research team will be available.   
To summarise, I am approaching you for permission to use your facility as a 
research site.  Residents within your facility will be informed regarding possible 
participation in the study.  Everyone at located at one site will receive the same 
programme.  The decision as to which site gets which intervention is made with 
random allocation.   
I will be contacting you again in the near future to answer any further 
questions you may have before asking you to sign the attached consent documents. 
I conclude this letter by providing you with my supervisors’ contact details as well as 





Student: Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors’ contact details: 
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975 Email: Delva.Shamley@uct.ac.za 
If you have any ethical queries or concerns, in particular regarding individual 
rights or the welfare of any research participant, please contact the Faculty of 
Health Sciences Human Research Ethics Committee at the numbers below: 
Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492 Email: sumayah.ariefdien@uct.ac.za 




Appendix C.2 Consent Form granting permission for use of facility to 
recruit participants. 
 
I have read this consent form and the Information Sheet and had the 
opportunity to ask any questions I may have. 
 
I agree to the facilities for which I am responsible to participate in this study.  
I know that this does NOT oblige anyone living in such a facility to 
participate in this study, nor will there be any pressure for anyone to do so.  
The decision I have made is completely my own.  I agree for the results to 
be used for research purposes and that the results may be published. 
 
I know that I can withdraw the facilities from the study at any time without 
having to give a reason why. 
 
During the write up of the study, and any subsequent publication, I 
understand that the facilities and participants within them will not be 
identifiable. 
 
I am willing to allow the researchers access to the site for a period of up to 
one year, even though the exercise programme is for a shorter time than 
this.  During this time initial and follow up visits and phone calls will be 
made to individuals enrolled in the study. 
 
I understand that the risks involved in this study are minimal and similar to 
those encountered in daily living. 
 
I have been informed that individual participants may possibly benefit from 
doing the exercise programmes by improving their balance and strength.  
They do not have to pay for the exercise programmes nor will I receive 

















Appendix C.3 Information letter to invite site managers to be 
participants. 
 
Department of Health and Rehabilitation Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and Disorders, 
Nursing and Midwifery, Occupational Therapy, 
Physiotherapy  
        F45 Old Main Building, Groote Schuur Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315 Fax: +086 611 0725 
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 




Dear Mr/s … 
Re: invitation for your participation as site manager in a research study 
I am Ph.D. student conducting research for degree purposes at the University 
of Cape Town and seeking your possible participation in a research study.  This is 
quite separate from your agreeing to allow us to approach the residents of your 
facility.  This letter serves as confirmation of our meeting today and will outline your 
personal role in the possible research prior to asking you to indicate your consent 
your personal participation as a manager of the facility. 70 
Brief outline of the study 
Older adults are at risk of falls and this risk increases with every year of age.  
We know that falls can have disastrous consequences for those who have fallen and 
their families; and challenges older adults’ abilities to live independently and age-in-
place.  We also know that exercise programmes can successfully address and 
reduce falls and fall risk.  One such programme is the Otago Exercise Programme, 
which was developed in New Zealand.  Newer interventions that require research to 
 
70 Blue text indicates changes/contextual factors which differentiate this information sheet from others. 




see if they are possibly effective include the Wii Fit Balance Board.  Much of the 
research that has been done on the latter is flawed and the question of ‘can it work?’ 
needs to be answered before questions of ‘how well does it work?’  The purpose of 
this study is to evaluate the steps needed for a larger scale clinical trial (called a 
randomised control trial) to be feasible – and answer the ‘can it work’ question.  A 
secondary aim of the study is to see if there is early evidence to support the use of 
the Wii Fit exercise programme.  We understand that some people may be 
interested in helping with the research but not willing to commit to an exercise-based 
intervention programme.  We will ask all the participants, including the latter, to help 
us with collecting information about their falls, their injuries and resulting costs from 
any injuries over six months.   
Finally, and this is where you come in, we would like to explore the practical 
issues which may arise during the study and how participation in the study is 
regarded by the site managers.  We need to record issues such as site 
assessment/feasibility forms, study initiation checklists, and site visit forms (we have 
attached examples to this information sheet).  We will be logging the amount of 
support the facility needs to help the programme run – for instance, if there are any 
human or data management problems incurred because of the trial being run at the 
facility. 
This study has been subjected to a rigorous review process and has received 
ethical clearance from the University of Cape Town, Faculty of Health Sciences 
Human Research Ethics Committee (Reference number HREC 818/2015).   
What we need from you as a manager and possible participant in the research study 
We would like some of your time as we initiate the study in your facility.  We 
will discuss the concept of the study with you and then ask you to describe it back to 
us.  We will ask for your help in completing forms similar to those we have attached.  
We will ask you to let us know of any problems the exercise participants experience 
with access, space and function as a result of the study.  We will also ask you, in 
case of us not being able to contact an exercise participant, to inform us of their 
status (for example, moved away, in hospital).  Your overall involvement will 
probably take a total of one hour per month.  We anticipate that your total 
involvement once you have agreed to be approximately five hours. 
What are the risks and benefits of my participating in the study? 
There are no direct benefits from your participation in the study.  However, 
information gathered will give indications as to the feasibility of a large-scale study 
which could occur in settings such as yours. In addition, should the Wii Fit show 
possible benefit, the application of using it in developing countries could be of value 
where resources are scarce.  The risks are of course your time in meetings with the 
research team.  Unfortunately, there is no payment for your participation in the study.  
You are under no obligation to participate in the study and you may, of course, 
change your mind about participating at any time without having to offer an 
explanation. 
 




What about my privacy? 
We will take every effort to make the site unidentifiable in the research report 
and any subsequent publications, thus protecting your identity as well as that of the 
site.  Only the researchers will know your identity.  Once you have joined the study 
you will be given a research number so your name will never be revealed.  All 
documents will be kept as confidential and safeguarded in both physical and 
electronic forms.  Steps have been taken to make sure they are secure from 
tampering and hacking.  All the individuals you will meet in the course of this study 
are qualified and registered health care practitioners (e.g. physiotherapists, 
audiologists) and are bound by their professional codes of ethics. All study personnel 
have signed a confidentiality agreement.  Any breaches of confidentiality will be dealt 
with immediately.    
Where do I find further information? 
Please feel free to discuss any concerns with any of the research team.  The 
names and contact details of the student and her supervisors are at the end of this 
letter.  In addition, the contact details for the University of Cape Town Faculty of 
Health Sciences Human Research Ethics Committee, who granted approval for this 
study to be conducted, have been provided.   
What do I do next? 
I will be contacting you again in the near future to answer any further 
questions you may have before asking you to sign the attached consent documents.  
I conclude this letter by providing you with my supervisors’ contact details as well as 
the details of the Chair Person of the Faculty of Health Sciences Human Research 
Ethics Committee. Please feel free to contact me or my supervisors at the numbers 




Student: Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors’ contact details: 
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975 Email: Delva.Shamley@uct.ac.za 
If you have any queries or concerns about the ethical conduct of this study, in 
particular regarding issues of individual rights or the welfare of a research 
participant, please contact the Faculty of Health Sciences Human Research 
Ethics Committee at the number below: 
Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492 Email: sumayah.ariefdien@uct.ac.za 





Appendix C.4 Concept Protocol used with site managers who agreed to 
participate. 
Explanation to manager: Concept Protocol 
This is a seed document for a concept Protocol, used to begin discussion on a 




The feasibility and potential effectiveness of a conventional and video 
exercise-based intervention to alter balance related outcomes including fall 
risk: a cluster randomised phase II clinical trial.   
Presenter 
 
 C Rogers Investigators D Shamley, C Rogers 
Period & 
Duration  
2016/7/8/9 Site(s) - 
Location 
Sites A, B, C, D.  Cape Town 







Process, resources, management, scientific assessment of feasibility of 










Potential risks  
Falls (participants will be at risk for falls as inclusion criterion).   
In the case of Wii Fit participants, possible repetitive strain injury.   
Risks will be ameliorated by careful selection of participants.   
Those at high risk (e.g. mobility issues) will be excluded.   
Warm-up and cool down exercises will be prescribed for both exercise groups.   
 
Hydration and moderation will be emphasised.   




Potential benefits   
Exercise programmes to improve balance are generally safe and there is proven 
evidence for their efficacy to reduce falls.  Less is known about Wii Fit.  Equipment will be 
left at sites, in-house staff trained, and on-going support offered.   
State strategic implications of the research  
The outcomes of the research will inform decisions regarding the feasibility of a large-
scale randomised control trial.  Should the Wii Fit programme show preliminary evidence 
of effect, then it has potential to be applied in resource-constrained setting such as some 
of those in South Africa.   
 
Additional comments  
 






Reference: adapted from template freely available from: 
www.theglobalhealthnetwork.org. 















Appendix C.5 Protocol Feasibility Checklist (see Results). 
Factors to consider: 
1. Population 
  Was there access to the right patient population?   
 
 
 What was the attendance figure at the introductory meetings where the 
study’s aims were presented? 
 
Was the proposed enrolment goal realistic? 
 
 
Was the proposed enrolment period realistic? 
 
 
Did enrolment compete with other studies or rehabilitation programmes 
seeking the same patients? 
 
 
Were the inclusion/exclusion criteria overly restrictive? (Consider the 
likely 
screen failure ratio and the number of screen failures) 
 
 






 What changes were or should have been implemented to the protocol 
in terms of its design? 
 
Was the protocol ethical? Did the HREC have problems with it? 
 
 
Did the participants benefit from participating in the study? 
 
 
Was the need for other services (e.g., GP, physiotherapy) apparent 
when either screening for eligibility or during the study? 
 
 
Was necessary equipment and space available? 
 
 
Were participant compliance problems foreseeable? What was the 
yield from phone calls and reminders? 
 
 
What modifications are needed to the case report forms? 
 
 




What problems were encountered with sustaining the programme so 
that it could be available for participants at the end of the study? (This 




 Were assessments frequent? 
 
 
Were assessments difficult, e.g., participants able to do more ambitious 
tests such as MiniBESTest? 
 
 




What was the completion rate of logs of falls at 12 months?  















 Were qualified staff available to support participants and contract the 
research team if necessary? 
 
If needed, was training available? 
 
 
Did the PI have adequate time to devote to the protocol?  
Were additional specialists needed? 
 
 
Were study visits complex, presenting possible scheduling difficulties, 






 Did the preliminary budget appear adequate?  
Will sponsor pay for an adequate number of screen failures 
(Especially important for complex protocols)? 
 
 




 Is adequate space available? 
 
 
Will electronic or remote data retrieval systems be used?   





Reference: adapted from template freely available from: 
www.theglobalhealthnetwork.org. 















Appendix C.6 Pre-study site selection visit checklist. 
Name of the staff member at site:  __________________________        
Designation:  ____________________ 
Date of Visit: __________________________ 
Attendance of the Site Personnel during visit: 
Site 
No. 
Name of the staff member Designation 
   
   
   
   
Note: yellow fill in cells denotes results/pertinence to current research study/findings 
Activity Yes No NA 
Is Principal Investigator willing to sign Confidentiality 
agreement?  
   
Discussed about financial agreement?    
Discussed investigator responsibilities under ICH or applicable 
regulatory guideline? 
   
Discussed study design, site and participant inclusion and 
exclusion criteria, randomization & unbinding, adverse and 
serious adverse effects reporting? 
   
Discussed possibility of monitoring and auditing visits?    
Are investigator qualifications and updated CV available?     
Does the investigator have the necessary qualifications, 
expertise, facilities, and time and support staff, to carry out the 
proposed research? 
   
Are the sub-investigator qualifications and updated CV 
available? 
   
Are the investigators aware of ICH-GCP guidelines?     
Are study staff qualifications and experience adequate to carry 
out clinical trial? 
 
   




Time-line for target patient enrollment?    
Discussed the recruitment strategy?    
Is there space for programmes to take place (common area for 
meetings, location of WiiFit equipment) 
   
Are there any competing programmes (e.g. in-house exercise 




Is adequate participant in house facilities available (stable 
electricity supply, TVs)?  TV required and purchased for one 
site (funded by CR) and was provided by second site at their 
expense 
   
Is there internet facility available at trial site?     
Is a fax machine available at trial site?     
Is machine available for photo copying and scanning of 
necessary documents? 
   
Are there adequate facilities to handle patient safety 
procedures? 
   
Are adequate archives /record keeping room available at trial 
site? 
   
Are adequate safety and physical security systems maintained 
at the trial site? 
   
Access to source documents?    
Access to study and medical records?    
Record keeping and retention    
Emergency Procedures and Precautions [adapted from (867)] 
Is there support available at trial site, to handle SAE/medical 
emergencies? 
No permanent full-time nursing staff at three of the four sites.  
Researcher qualified in CPR.  
   
Is there a telephone?  Should have at least one phone that 
remains in a designated location.  Instructions should give the 
exact location (street address) and instructions on which door to 
enter or other specifics about the building (e.g. security 
arrangements).  
   
Is there a first aid kit?  How often is it checked and items 
replaced when expired?  6 Months 
   




Is anyone on site qualified in CPR?  See above    
Is there 24-hour cover for CPR and first aid?    
Are there facilities for diabetic emergencies (e.g. provision of 
juice/biscuits)? 
   
  Reference: adapted from template freely available from: 






























Appendix C.7 Site assessment and feasibility questionnaire. 
Residence name  
 
 
Type of residence Retirement facility: fully independent only (e.g. no 
meals) □         
Retirement facility: some support (e.g. some meals 
provided) □ 
Retirement facility: mixed fully independent and 
assisted living □   
Sick bay/nursing care available on-site □       
 
Address  
City Cape Town 









Residents’ Committee Chair 
Person to contact 
Preferable time to contact 
 
Number of nurses and other 
support staff 
 
Resident physiotherapist?  
In-house exercise facilities? Pool □  Exercise equipment (e.g. treadmill, stationary 
bike) □  Tennis court □  Other: Specify 




How many residents in facility?  
Of these, how many are 
estimated to be fully 
independent and possible 
candidates for recruitment? 
 
How many clinical research 




Is there any legal person 
necessary to review the Clinical 
Trial Agreement (CTA)? 
Yes □                 No □ 
If 'Yes', what are the timelines of 
this review (in terms of days)? 
 
Is there an authorized signatory 
from your site? If 'Yes' please 
provide the details: 





Yes □                 No □ 
Financial: 
Is there any special site cost? If 
'Yes' what is the amount? 
Yes □                 No □ 
Any other (please specify):  
Ethics Committee: 
Does the Institute have any 
Ethics committee? 
  Yes □                 No □ 
Contact Person: name and 
contact details 
 
Is the committee constituted as 
per the ICH-GCP guidelines? 
 
 




Does it have a written Standard 
Operating Procedure? Please 
provide a copy 
 
 
Is there a list of IRB members 
and their professions? If 'Yes' 
kindly provide the details 
 
Do you have a checklist for 
submission of the documents? 
If 'Yes' please provide  
If 'No' please check the list of 
documents required for 
submission 
 
• Protocol and amendments      
• Case Report Forms             
• Investigator's Brochure     
• ICF and ICF updates         
• Translation of ICF and 
• Translation certificate       
• Safety information and 
• Compensation to participants  
• Participant recruitment procedures 
(Advertisements)             
• Investigators’ current CV   
• Investigator undertaking   
• If there are any other documents required for 
submission, please mention here. 
 
Fee for review of trial proposal? 
Any additional fee for 
amendment approvals during 
the conduct of study? 
 
 
How many copies of each 






Is there any format for applying 
for an Ethics Committee review 
for a clinical trial? 
If 'Yes' kindly provide 
Yes □                 No □ 




How many days prior to the 
meeting should the study 
documents be submitted? 
 
 
How many days after the 
meetings will the approval letter 
is issued? 
 
Do you maintain a written 
record/MOU of the activities of 
the meeting? 
 
Do you make the documents 
available upon request from the 
regulatory authorities and 
Auditors? 
 
How are Ethics committee 
meetings (in weeks); what is the 
next date? 
 
 Do you have any 
policies/procedures in place to 
call for any emergency 
meetings on demand for your 
IEC or IRB 
 
 
Space and Equipment: 
Does the site have dedicated separate room 
for clinical research? 
Yes □                 No □ 
Does the site have space for storage of study 
related materials?  
Yes □                 No □ 
Does the site have a space for monitoring? Yes □                 No □ 
Does the site have dedicated cupboard for 
study document storage? 





Reference: adapted from template freely available from: 
www.theglobalhealthnetwork.org.  (Retrieved 4.2.2016) 




Appendix C.8 Study initiation checklist. 
Name of the study centre and Site ID:  
Date:  
 
          Document /Activity Yes No N/A Comments 
Ensure signed and dated 
curriculum vitae are available 
for study site staff.  
    
Familiarize staff with the 
protocol.  
    
Familiarize staff with the two 
programmes  
    
Ensure that a trial agreement 
has been signed and agreed 
with site.  
    
Ensure indemnity/insurance is 
available for trial site.  
    
Ensure HREC approval has 
been granted for the study, 
contact details of HREC and 
reference number provided to 
site 
    
Ensure adequate study staff is 
available.  
    
Discuss and determine the 
particular responsibilities of the 
staff in the clinical trial team.  
    
Familiarize staff with GCP 
requirements 
    
Check that facilities that are 
required are available and 
functional.  
    
Locate a suitable place to store 
the equipment.  
    
Ensure materials and 
documents for the trial have 
    




been received and securely 
stored.  
Prepare and maintain 
investigator’s file.  
    
 
 
                    
 Principal Investigator __________________ 
 Signature and date                
 
 
Reference: adapted from template freely available from: 























Site D Clubhouse, snacks will be served! 
Appendix C.9 Invitation to recruitment presentation to attract potential 












 MAINTAIN INDEPENDENCE! 
  UCT PRESENTATION 
 Wednesday 5 April 2018, 4.45pm 
    Come and hear Christine Rogers, senior staffer and doctoral student at the 
University of     Cape Town, talk about factors which contribute to older adults’ risk 
of falls.  Falls are one of the so-called ‘geriatric giants’ – events that can challenge 
one’s independence and well-being.  However, falls are not accidents!  Rather, 
they are predictable and can be reduced by identifying and improving your 
personal risk factors. 
Christine will talk about an exciting customized exercise- based research 
project which may improve balance and strength and allow you to maintain your 
independent living lifestyle! 
   If you are interested in taking part in her study of measures to improve   
balance and reduce falls, and cannot attend the presentation, please leave a   










Appendix C.10 Indication of interest and response slip.* 
 
 Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
      Date:  / /2016/7/8 
 
Good day 
Re: Indication of interest to participate in clinical research study 
This form is to let us know if you are interested in the information provided at 
the presentation today.  If you think you would like to find out more about the study, 
please complete the slip attached and place it in the box provided at the back of the 
room.  We will contact you to make an appointment to see you.  We will explain the 
study in more detail, and you can ask any questions you wish.  If you agree to join 
the trial, we will do some screening activities to see if you are the kind of participant 
we are looking for.  If so, we will discuss the study again and ask if you would like to 
join.  You are under no obligation to complete this form or to join the study, this is 









Response slip for potential participant to complete. 
Dear Christine 
Yes, I think I may be interested in finding out more about your research study. 
 
I am contactable in the following ways (tick which you would prefer): 
□ via email and my email address is: …………………………………………….. 
□ via telephone and my land-line number is: 
……………………………………………… 
□ via mobile telephone and my number is: 
………………………………………………… 
 
The best time to contact me is: 
□ early in the morning (before 8am) 
□ between 8 and 4pm 
□ in the evenings before 8.30pm 
 
I would like to be addressed by my: 
 
□ first name, which is ………………………. 
 
□ surname, which is ………………………… and  
 
□ title which is:  Prof, Dr, Mr, Mrs, Ms (please circle which is appropriate) 
 










Appendix C.11 Letter of welcome to study and eligibility screening 
appointment.* 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital, Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
      Date: /  /2015 
Dear ………………………………… 
Re: Letter of welcome to clinical research study 
Thank you for returning your details.  This letter is to welcome you to your first 
appointment, so we can talk about the research study and see if you would be 
suitable to join it.   
Your appointment is on………………………………………. at ………….am/pm.  
If this appointment is inconvenient, please do let me know at the above contact 
telephone number or email address.  We will meet at ………… (venue).  
We have attached some forms which give more information about the study 
and what you will be expected to do to participate in it.  Please read all the forms 
carefully and feel free to make a note of any questions you may have so you can ask 
them when we meet. You will see we have added the informed consent form, which 
is very important as you will be asked to sign this to say you would like to join the 
study.  We have given this to you now, so you have plenty of time to think about your 
participation before we meet; and to talk to your family and friends about it if you so 
wish.  You are able to change your mind about joining the study at any time, 
including if you have already joined up. 
We look forward to meeting you next time, 
Best wishes 
Christine Rogers, Ph. D student 
 *note the font size and type face will be appropriate for an older audience 




Appendix C.12 Matters Pertaining to Recruitment of Older Adults 
Recruitment from a sample of older adults can be challenging (567) .  Care was 
taken to ensure recruitment strategies were sensitive to older people’s concerns 
regarding falls, fall prevention and fall risk. Marketing of the study emphasised the 
health benefits of a fitness programme and improving strength and balance to 
promote prolonged independence.   
Participants who enrol for a study and fail to complete it may undermine both the 
internal and external validity of a trial (868) .  The following strategies were 
implemented to enhance recruitment and retention:  
Removal of barriers to recruitment (869).   
Transport and care-giver burden are among the reasons older adults decline to 
enrol in research (870).  Onsite assessments avoided transport difficulties.  The 
research team encouraged adherence by supporting both the participant plus any 
significant others.   
Effective contact with the potential study population (869). 
Effective contact  is one of the first steps of an active recruitment strategy (620).  
Care was taken to maintain good relationships between the stakeholders, including 
potential participants, and research personnel (620).  Materials, including information 
sheets, were shared with all the interested parties and feedback sought.  Jargon-
free, clear and fun presentations were prepared to promote wellness and 
maintenance of independence through better balance, then second, to introduce the 
study (869).   
Management of initial and follow up appointments (869).  
Interested individuals were contacted by telephone/email.  Every effort was made 
to put the person at ease, for example, asking how s/he wishes to be addressed (869).  
Culturally appropriate pleasantries were made before study information was given.  
An information pack, including a letter of welcome on University letterhead, with full 
contact details, information sheet and consent form were sent with the appointment 
for the initial baseline data collection session.  Prior information allowed the recipient 
to peruse the consent form at home reducing the risk of coercion (869).  The 
appointment was confirmed telephonically two days prior.  Regular reminders of 
appointments are important steps to encourage participant retention and were 
implemented via telephone, text messaging or emails (620). 
Responsiveness to issues of vulnerability (869).  
Efforts was made to ensure potential and enrolled participants were comfortable.  
The precise nature of the study, requirements for eligibility and participation, and 
risks/benefit ratios were explained in detail.  The physical surroundings were familiar 
and secure, as the venue was within the older adults’ residence or communal areas 




on the site.  Outcome measures were referred to as activities rather than tests to 
reduce anxiety about performance (869). 
Continuation of care during and after study period.   
Periodic reminders were made (as per OEP protocol) via phone to enhance 
participation.  Exercise programmes were offered after the trial terminated.  




Appendix D Informed Consent Documents for Individual Participants 
Appendix D.1 Information sheet and Informed Consent document for the 
Otago Exercise Programme.* 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
       ../../2016 
Good day 
Re: Invitation to participate in research clinical trial with an exercise-based 
intervention: Otago exercise programme 
This letter explains the purpose of the research study and gives details of 
what your involvement will be, should you decide to participate.  The study is 
towards a Ph.D. degree and the candidate is Christine Rogers.   
What is the study about?  Why is it important? 
Falls and near-falls (slips and trips) are very common in older adults. In fact, 
over the age of 65 years, one in three adults fall each year.  Of those who fall, more 
than half will fall repeatedly.  Falls are a serious issue for both the person who has 
fallen and their families.  For example, injuries, ranging from cuts and bruises to 
broken bones may result.  These injuries may challenge independence as well as 
lead to more falls or a fear of falling.  There are also a number of costs, besides 
physical and psychological ones, when falls occur.  These include hospitalisation, 
the need to take time off work or other activities (or have loved ones do the same), 
and sometimes even costs which can be incurred if a change in physical living 
conditions is required (e.g. move from living alone to living in an assisted 
environment). In many countries around the world, these costs are a concern to 




planners in public health and efforts are being made to prevent and manage falls 
better.   
What many people do not realise is that falls are not an ‘automatic’ part of 
ageing.  Often, they are thought of as accidents and as such cannot be prevented.  
This is really not so.  In fact, there are many ways to reduce the risk of falling.  For 
example, in regions such as North America and Europe, at routine doctor’s visits, 
older adults are usually asked about falling and screened for their risk of falls.  In 
addition to identifying who is at risk, programmes are also being put in place to 
reduce individuals’ risk of falling.  These range from improving vision by having 
cataract surgery happen as soon as possible; vitamin D supplementation if 
necessary, managing medication profiles (reducing the number of medications and 
focusing on certain types known to add to the risk of falling) and so on.  A lot of 
research is happening in the area and the way is being led by teams in the USA and 
Europe.  So, we know what works in terms of preventing falls.   
One of the most successful ways to reduce the risk of falls in a person is to 
improve his or her sense of balance, as well as their strength, especially in the legs.  
There is really good proof that exercises can help reduce the risk of falls.  For 
example, the famous Centers for Disease Control in the USA is currently rolling out 
exercise classes aimed at older adults in order to reduce their fall occurrence in 
many parts of America.  They have chosen one particular type of programme called 
the Otago Exercise Programme, which is what we will be studying in this research.   
What is the Otago Exercise Programme? 
The Otago Exercise Programme (OEP) was developed in New Zealand in the 
1990s.  Since then, it has spread across Australia, North America and Europe as a 
fall prevention exercise programme.  Good quality research has been done on the 
OEP and we know it works in these settings.  As mentioned, the programme has 
been ear-marked by a very renowned institution in the USA as the programme-of-
choice for their fall prevention efforts.      
The Otago Exercise Programme which will be explained to you verbally and in 
writing but will be described here too.  The programme works on improving your 
balance and strength through a series of exercises.  The three key activities are: 
improving your strength, improving your balance and improving your walking.  Here 
we will describe the type of activities you can expect to do in the programme: 
• Each session starts with a five-minute gentle warm-up session.  Examples of 
exercises done now are: standing and moving your head in different 
directions, for example, left and right; arching the back gently while standing, 
moving the body from the waist to the left and right.   
• After the warm up we will work on improving your strength.  Often these are 
done using weighted cuffs around the limb you are lifting. If you are not ready 
for this at the start of the programme, we will guide you as to when this is safe 
for you to try.  Examples of these exercises are: sitting watching TV with the 




back well supported, strapping the cuff to your ankle and straightening and 
lowering the leg, then repeating with the other leg. Another would be standing 
tall against a bench (holding on) and then lifting the exercise leg, with the cuff, 
out to the side and returning it.  Other activities include standing tall and 
raising your toes by coming back onto your heels, first holding on to the 
counter and then not. 
• Improving your balance.  Balance is important for everyday activities.  
Examples of exercises include: knee bends; backwards walking with and then 
without support, walking in a figure-of-eight, and standing on one leg (with and 
without support).  We will also work on moving to standing from a seated 
position. 
• Finally, there is a walking programme.  We will assess your walking ability and 
suggest when, where and for how long to walk each time.  Ideally, we would 
like the walk to be thirty minutes, but this can be broken up into ten-minute 
sessions and is not every day.  You should realise the Otago Exercise 
Programme is designed scientifically to work as a whole – it is not designed 
as a ‘pick and mix’.  For example, if you only do the walking this is not ideal. 
The programme will be done by you, in your home (either alone or with friends, 
it’s up to you) at a time convenient to you.  We will show you what to do.  You will be 
doing some form of exercise for about 20 minutes most days of the week (this 
includes the time when you are taking a walk).  Your overall commitment to exercise 
would be two hours per week, which is what has been recommended to help balance 
and prevent falls in older adults.  We explain below about the rest of your time 
commitment if you join the programme. 
Great, if the Otago Exercise Programme works, why do the research? 
We know that certain forms of exercise help improve balance, but these 
programmes often need highly trained staff and special settings, so it can be difficult 
offering such services in a country like South Africa.  We are trying to see if a 
different programme, with video game-based exercises, can work in the same way 
that other recommended exercise programmes (like the Otago) do.  There are some 
studies which have been done on both the videogame exercises and other fall 
intervention programmes; but none have been done in South Africa, so we do not 
know if a large-scale study could work here.  The current study plans to answer a 
‘can it work’ question for both the Otago and the alternative programme to give 
information how to proceed.   
We also have no idea how falls, injuries and associated costs of those injuries 
affect people in South Africa.  Therefore, as a part of the study, we will be asking 
everyone involved to keep track of any falls, injuries and costs related to the falls for 
a one-year period.  In fact, if the exercise programme is not for you, but you are 
interested in the research itself, you can join the study and simply furnish us with 
information about these matters.  




What do I have to do?   
Once you have agreed and signed that you want to join the study: 
• First you will be asked about your history of falls in the last year.  We will also 
ask about your exercise habits and medical history, for example, if you have 
any illnesses (such as diabetes and hypertension) and if you take any 
medication.   
• We will also check if your mood is normal as being depressed can make a 
difference to the results. This check involves answering a short questionnaire.  
In order to protect you, we will also ask you to do a simple memory task to 
check your thinking is clear.  
• You will have screening activities to see what your balance is like standing 
and walking. All the activities are very simple and easy to do and will be 
explained to you in detail.  They are used across the world and are reliable 
and safe.   
• We will also be asking you to fill in some questionnaires about your quality of 
life and current levels of exercise.  We estimate that you will need literacy at 
Standard 8 level or higher.   
You are welcome to ask questions at any time and we will make sure you are 
safe and comfortable throughout the study.  We expect that some people may have 
to leave the study at this stage if they are not suitable.  This meeting will take about 
one hour of your time.  The Table below gives you an idea of what to expect and 
when things will occur.   
The exercise programme: 
The exercise intervention runs over 6 months and you will keep in close touch 
with the study staff during this time.  Of course, there is nothing to stop you from 
continuing with the programme for as long as you wish.  You will do the exercises 
and make a note in a diary each day about what you have done and any problems 
you have experienced, such as falling or feeling dizzy.  We’d like you to keep these 
notes even if you stop exercising.  We will show you what to do and how to do it.  We 
will come back and see you at regular intervals and also keep in touch with you by 
phone.  The exercises will be shown to you by an experienced therapist. Exercises 
take about 15 - 20 minutes per session and you will have sessions or walks most 
days of the week.  We will lend you all the things you need to be able to do the 
exercise programme.  We encourage you to join up either on your own or with some 
friends.   
 





Table: What to expect at different time points in the study 
At the mid-way point and end of the study: 
You will have balance activities repeated to see if your results have changed.  
We will do the activities at three and six months after you started the programme.  
We will also check how you enjoyed the programme and if your quality of life has 
When you enter the 
study
• Simple screening tests 
for depression and 
memory
• Questionnaires about 
quality of life, attitude 
to exercise, current 
levels of exercise
• Four activities to 
assess your current 
levels of balance and 
walking ability
• You start keeping an 
exercise log. records of 
any falls plus 
associated costs
Re-assessment at three 
and six months
• Questionnaires about 
depression, quality of 
life, attitude to 
exercise, current levels 
of exercise
• You will have kept 
records of all your 
exercise activity and 
any falls plus 
associated costs
• Four activities to 
assess your current 
levels of balance and 
walking ability
• At six months this is 
the end of the formal 
exercise programme 
but you are welcome 
to continue the 
exercises and let us 
know about falls.




changed in any way.  At the end of the study, an opportunity to continue with the 
programmes will be offered and staff at your facility trained in how to run them.   
What is my risk? 
Overall the risks are very low and no more than what is faced in everyday 
living.  The Otago Exercise Programme is well researched and used across the 
world to help older adults maintain their health, strength, balance and independence.  
It has been used by thousands of people and there have been very few problems, all 
of which have been very minor, for example, muscle aches and pains when using 
different muscle groups.  In order to protect you as much as possible against risks, 
we will exclude you from the study if you are very frail or have conditions in which 
exercise could be harmful – e.g. acute heart failure.  Please feel free to discuss any 
concerns about the risks with the research team.  We will be monitoring you and 
recording any problems during the trial and they will be managed appropriately. 
What if something goes wrong? 
The University of Cape Town (UCT) has insurance cover for the event that 
research-related injury or harm results from your participation in the trial.  The insurer 
will pay all reasonable medical expenses in accordance with the South African Good 
Clinical Practice Guidelines (Department of Health, 2006), based on the Association 
of the British Pharmaceutical Industry Guidelines in the event of an injury or side 
effect resulting directly from your participation in the trial.  You will not be required to 
prove fault on the part of the University.   
The University will not be liable for any loss, injuries and/or harm that you may 
sustain where the loss is caused by: 
• The use of an unauthorised medicine or substances during the study. 
• Any injury that results from you not following the protocol requirements or the 
instructions that the study personnel may give you. 
• Any injury that arises from inadequate action or lack of action to deal 
adequately with a side effect or reaction to the study intervention. 
• An injury that results from negligence on your part. 
By agreeing to participate in this study, you do not give up your right to claim 
compensation for injury where you can prove negligence, in separate litigation.  In 
particular, your right to pursue such a claim in a South African court in terms of 
South African law must be ensured.  Note, however, that you will usually be 
requested to accept that payment made by the University under the SA GCP 
guideline 4.11 is in full settlement of the claim relating to medical expenses. 
An injury is considered to be trial-related if, and to the extent that, it is caused by 
study activities.  You must notify the study personnel immediately of any side effects 




and/or injuries during the trial, whether they are research-related or other related 
complications.  
UCT reserves the right not to provide compensation if, and to the extent that, 
your injury came about because you chose not to follow the instructions that you 
were given while you were taking part in the study.  Your right in law to claim 
compensation for injury where you prove negligence is not affected.  Copies of these 
guidelines are available on request.   
What can I gain from the joining? 
There is very little knowledge about how falls and their related injuries affect 
South Africans.  In particular, planning for ageing in developing countries has been 
lacking and yet as a nation we are getting older!  Information gathered in this 
research will answer several questions, which include if a large-scale study is 
possible in a developing country; what it would take to accomplish such a study; and 
if there is a future for new technology such as the Wii-Fit balance board to play a role 
in fall prevention programmes.  So, you will be able to help provide important 
information on all these questions.  In addition, you will have an opportunity to have 
your risk of falls assessed (which will be discussed with you after the activities) by a 
qualified health care professional and see how and if this changes as a result of 
being in an exercise programme.  
 Even if you just agree to give us information about falls and the costs, you will 
have access to important information regarding the risk of falls and what you can do 
to prevent them.   
If I don’t join is there anything else I can do? 
If you decide not to join the trial, we will provide you with pamphlets containing 
important information about falls and fall prevention.  These will be left at reception 
or with the manager of your facility for you to collect when convenient.  We will 
recommend websites which detail check-lists for you to do at home to make sure 
your environment is as safe as possible in terms of fall risk.  You can of course talk 
to your own doctor and physiotherapist if you have concerns or ask the research 
team for a referral.  We will also give the manager a list of exercise classes aimed at 
older adults in your area should you think joining one would be a good idea.   
Payment and expenses 
You do not have to pay to join the study, nor will you incur any expenses as 
we will come to you and supply all the necessary equipment.  Unfortunately, there is 
no payment to you for your participation.   
What if I change my mind? 
You do not have to join the study, it is strictly on a voluntary basis.  As it 
involves a commitment of your time over a six-month period, please take your time to 




consider if this is the right thing for you.  You can withdraw from the study at any time 
without having to explain your reasons. 
What about my privacy? 
Only the researchers will know your identity.  Once you have joined the study 
you will be given a research number so your name will never be revealed.  All 
documents will be kept as confidential and safeguarded in both physical and 
electronic forms.  Steps have been taken to make sure they are secure from 
tampering and hacking.  All the individuals you will meet during this study are 
qualified and registered health care practitioners (e.g. physiotherapists, audiologists) 
and are bound by their professional codes of ethics. All study personnel have signed 
a confidentiality agreement.  Any breaches of confidentiality will be dealt with 
immediately.    
Where do I find further information? 
Please feel free to discuss any concerns with any of the research team.  The 
names and contact details of the primary researcher and her supervisors are at the 
end of this letter.  In addition, the contact details for the University of Cape Town 
Faculty of Health Sciences Human Research Ethics Committee, who granted 
approval for this study to be conducted, have been provided.   
What do I do next? 
Please take a look at this information sheet and the consent form attached.  
Please have them ready at your appointment to meet the researchers.  Please feel 
free to contact me or my supervisors at the numbers given below should you have 
any questions.   
Primary investigator: Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors:  
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975 Email: Delva.Shamley@uct.ac.za 
If you have any ethical queries or concerns, in particular regarding individual 
rights or the welfare of any research participant, please contact the Faculty of 
Health Sciences Human Research Ethics Committee  
Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492 
Email: sumayah.ariefdien@uct.ac.za 
*Note: font and format were suitable for an older adult





I have read/had read to me this consent form and the Information Sheet 
and had the opportunity to ask any questions I may have. 
 
I agree to participate in this research study.  The decision I have made is 
completely my own.  I agree for my results to be used for research 
purposes and that the results may be published. 
 
I know that I can withdraw from the study at any time.  
I know all the details about me, including medical information, will be kept 
private.  Even if the results of the study are published, I understand that I 
will not be identifiable. 
 
I understand what I am required to do in terms of the tests and the exercise 
programmes and am willing to join the study for a period six months.   
During this time, I will receive follow up visits and phone calls to monitor my 
progress. 
 
I understand that the risks involved in this study are minimal and similar to 
those encountered in daily living. 
 
I have been informed that I may possibly benefit from doing the exercise 
programmes by improving my balance and strength.  I do not have to pay 
for the exercise programmes nor will I receive payment for my participation.   
 
 
Study number:  
 
Signature of Participant:  ___________________Date: _____________________
  
 




Appendix D.2 Information sheet and Informed Consent Document for Wii 
Fit programme*. 
 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315 
E-mail: Christine.Rogers@uct.ac.za 
      Internet: www.uct.ac.za 
      Date: .../../2016 
Good day 
Re: Invitation to participate in research clinical trial with an exercise-based 
intervention: Wii Fit balance board 
This letter explains the purpose of the research study and gives details of 
what your involvement would be should you decide to participate.  The study is 
towards a Ph.D. degree and the candidate is Christine Rogers.   
What is the study about?  Why is it important? 
Falls and near-falls (slips and trips) are very common in older adults. In fact, 
over the age of 65 years, one in three adults fall each year.  Of those who fall, more 
than half will fall repeatedly.  Falls are a serious issue for both the person who has 
fallen and their families.  For example, injuries, ranging from cuts and bruises to 
broken bones may result.  These injuries may challenge independence as well as 
lead to more falls or a fear of falling.  There are also a number of costs, besides 
physical and psychological ones, when falls occur.  These include hospitalisation, 
the need to take time off work or other activities (or have loved ones do the same), 
and sometimes even costs which can be incurred if a change in physical living 
conditions is required (e.g. move from living alone to living in an assisted 
environment). In many countries around the world, these costs are a concern to 




planners in public health and efforts are being made to prevent and manage falls 
better.   
What many people do not realise is that falls are not an ‘automatic’ part of 
ageing.  Often, they are thought of as accidents and as such cannot be prevented.  
This is really not so.  In fact, there are many ways to reduce the risk of falling.  For 
example, in regions such as North America and Europe, at routine doctor’s visits, 
older adults are usually asked about falling and screened for their risk of falls.  In 
addition to identifying who is at risk, programmes are also being put in place to 
reduce individuals’ risk of falling.  These range from improving vision by having 
cataract surgery happen as soon as possible; vitamin D supplementation if 
necessary, managing medication profiles (reducing the number of medications and 
focusing on certain types known to add to the risk of falling) and so on.  A lot of 
research is happening in the area and the way is being led by teams in the USA and 
Europe.  So, we know what works in terms of preventing falls.   
One of the most successful ways to reduce the risk of falls in a person is to 
improve his or her sense of balance, as well as their strength, especially in the legs.  
There is really good proof that exercises can help reduce the risk of falls.   
What is the study about? 
We know that certain forms of exercise help improve balance, but these 
programmes often need highly trained staff and special settings, so it can be difficult 
offering such services in a country like South Africa.  We are trying to see if a 
different programme, with video game-based exercises, can work in the same way 
that other recommended exercise programmes do.  There are some studies which 
have been done on both the videogame exercises and other fall intervention 
programmes; but none have been done in South Africa, so we do not know if a large-
scale study could work here.  The current study plans to answer a ‘can it work’ 
question to give information how to proceed.  We will do activities looking at your 
balance when standing and walking and these give us an idea of your ability to 
manage everyday life.  By repeating the activities at the end of the trial period, during 
which you will have received an intervention of video-based exercises, we can see if 
you have improved or stayed the same.  You will also be asked to complete 
questionnaires about your physical activity levels, quality of life and attitude to 
exercise at different times during the trial; and to keep a log of your exercise patterns 
and any falls and related costs for a year. 
What is the intervention? 
The intervention is a video game-based exercise programme using equipment 
called the Wii Fit and a balance board.  This will also have a walking programme 
included, so you will be doing some form of exercise for 20 minutes most days of the 
week.  Your overall commitment to exercise would be two hours per week, which is 
what has been recommended to help balance and prevent falls in older adults.  The 
programme has been designed by a physiotherapist and includes warm-up and cool-




down exercises.  The games are fun and inter-active and concentrate on your 
balance and co-ordination.  To give you an idea of what to expect, in the first week, 
you will need someone beside you to ensure you keep your balance and a chair for 
support, if needed.  You will stand on the balance board, look at the screen in front 
and keep your weight evenly distributed.  The Wii trainer will give you instructions to 
do some yoga deep breathing.  Improving your balance: you will try standing on one 
leg, extending your leg and some leg lifts.  Improving your fitness: you will progress 
to playing games such as slides; stepping and aerobics and even, as you become 
better with the programme, more ambitious activities such as skiing.  Finally, there is 
a walking programme.  We will assess your walking ability and suggest when, where 
and for how long to walk each time.   
The programme will be done by you, in your home (either alone or with 
friends, it’s up to you) at a time convenient to you.  We will show you what to do.  We 
explain below about the rest of your time commitment if you join the programme. 
Why do the research? 
We know that certain forms of exercise help improve balance, but these 
programmes often need highly trained staff and special settings, so it can be difficult 
offering such services in a country like South Africa.  We are trying to see if a 
different programme, with video game-based exercises, can work in the same way 
that other recommended exercise programmes (for example, the Otago Exercise 
Programme) do.  There are some studies which have been done on both the 
videogame exercises and other fall intervention programmes; but none have been 
done in South Africa, so we do not know if a large-scale study could work here.  The 
current study plans to answer a ‘can it work’ question for both the Otago and the 
alternative programme to give information how to proceed.   
We also have no idea how falls, injuries and associated costs of those injuries 
affect people in South Africa.  Therefore, as a part of the study, we will be asking 
everyone involved to keep track of any falls, injuries and costs related to the falls for 
six months.  In fact, if the exercise programme is not for you, but you are interested 
in the research itself, you can join the study and simply furnish us with information 
about these matters.  
What do I have to do?   
Once you have agreed and signed that you want to join the study: 
• First you will be asked about your history of falls in the last year.  We will also 
ask about your exercise habits and medical history, for example, if you have 
any illnesses (such as diabetes and hypertension) and if you take any 
medication.   
• We will also check if your mood is normal as being depressed can make a 
difference to the results. This check involves answering a short questionnaire.  




In order to protect you we will also ask you to do a simple memory task to 
check your thinking is clear.  
• You will have screening activities to see what your balance is like standing 
and walking. All the activities are very simple and easy to do and will be 
explained to you in detail.  They are used across the world and are reliable 
and safe.   
• We will also be asking you to fill in some questionnaires about your quality of 
life and current levels of exercise.  We estimate that you will need literacy at 
Standard 8 level or higher.   
You are welcome to ask questions at any time and we will make sure you are 
safe and comfortable throughout the study.  We expect that some people may have 
to leave the study at this stage if they are not suitable.  This meeting will take about 
one hour of your time.  The Table below gives you an idea of what to expect and 
when things will occur.   
The exercise programme: 
You will be asked complete treatment over 6 months and to keep in touch with 
the study staff during this time.  You will do the exercises and make a note in a diary 
each day about what you have done and any problems you have experienced, such 
as falling or feeling dizzy.  We will show you what to do and how to do it.  We will 
come back and see you at regular intervals and also keep in touch with you by 
phone.  The exercises will be shown to you by an experienced therapist. Exercises 
take about 15 - 20 minutes per session and you will have sessions or walks (up to 
another 20 minutes) most days of the week.  We will lend you all the things you need 
to be able to do the exercise programmes.  We encourage you to join up either on 
your own or with some friends.  In particular, if you do the Wii exercises we would 
like you to have someone close by to help you if necessary, especially when getting 
on and off the board.   
 
At the mid-way point and end of the study: 
You will have balance activities repeated to see if your results have changed.  
We will do the activities at three and six months after you started the programme.  
We will ask you to continue with the log of exercises and any falls during this time.  
We will also check how you enjoyed the programme and if your quality of life has 
changed in any way.  At the end of the study, an opportunity to continue with the 















When you enter the study
• Simple screening tests for 
depression and memory
• Questionnaires about 
quality of life, attitude to 
exercise, current levels of 
exercise
• Four activities to assess 
your current levels of 
balance and walking 
ability
• You start keeping an 
exercise log. records of 
any falls plus associated 
costs
Re-assessment at three and 
six months
• Questionnaires about 
depression, quality of life, 
attitude to exercise, 
current levels of exercise, 
and how you found using 
the Wii Fit programme
• You will have kept records 
of all your exercise 
activity and any falls plus 
associated costs
• Four activities to assess 
your current levels of 
balance and walking 
ability
• At six months this is the 
end of the formal exercise 
programme but you are 
welcome to carry on 
recording information 
about exercise levels, falls 
and their costs




What is my risk? 
Overall the risks are very low and no more than what is faced in everyday 
living.  The Wii Fit and balance board is an experimental intervention.  There have 
been a few cases of injuries such as sprains and strains caused by people playing 
with the games for abnormally prolonged periods of time, but these have been minor.  
In order to protect you as much as possible against risks, we will exclude you from 
the study if you are very frail or have conditions in which exercise could be harmful – 
e.g. acute heart failure.  Please feel free to discuss any concerns about the risks with 
the research team.  We will be monitoring you and recording any problems during 
the trial and they will be managed appropriately. 
What if something goes wrong? 
The University of Cape Town (UCT) has insurance cover for the event that 
research-related injury or harm results from your participation in the trial.  The insurer 
will pay all reasonable medical expenses in accordance with the South African Good 
Clinical Practice Guidelines (Department of Health, 2006), based on the Association 
of the British Pharmaceutical Industry Guidelines in the event of an injury or side 
effect resulting directly from your participation in the trial.  You will not be required to 
prove fault on the part of the University.   
The University will not be liable for any loss, injuries and/or harm that you may 
sustain where the loss is caused by: 
• The use of an unauthorised medicine or substances during the study. 
• Any injury that results from you not following the protocol requirements or the 
instructions that the study personnel may give you. 
• Any injury that arises from inadequate action or lack of action to deal 
adequately with a side effect or reaction to the study intervention. 
• An injury that results from negligence on your part. 
By agreeing to participate in this study, you do not give up your right to claim 
compensation for injury where you can prove negligence, in separate litigation.  In 
particular, your right to pursue such a claim in a South African court in terms of 
South African law must be ensured.  Note, however, that you will usually be 
requested to accept that payment made by the University under the SA GCP 
guideline 4.11 is in full settlement of the claim relating to medical expenses. 
An injury is considered to be trial-related if, and to the extent that, it is caused by 
study activities.  You must notify the study personnel immediately of any side effects 
and/or injuries during the trial, whether they are research-related or other related 
complications.  
UCT reserves the right not to provide compensation if, and to the extent that, 
your injury came about because you chose not to follow the instructions that you 




were given while you were taking part in the study.  Your right in law to claim 
compensation for injury where you prove negligence is not affected.  Copies of these 
guidelines are available on request.   
What can I gain from the joining? 
There is very little knowledge about how falls and their related injuries affect 
South Africans.  In particular, planning for ageing in developing countries has been 
lacking and yet as a nation we are getting older!  Information gathered in this 
research will answer several questions, which include if a large-scale study is 
possible in a developing country; what it would take to accomplish such a study; and 
if there is a future for new technology such as the Wii-Fit balance board to play a role 
in fall prevention programmes.  So, you will be able to help provide important 
information on all these questions.   
In addition, you will have an opportunity to have your risk of falls assessed 
(which will be discussed with you after the activities) by a qualified health care 
professional and see how and if this changes as a result of being in an exercise 
programme.  Even if you just agree to give us information about falls and the costs, 
you will have access to important information regarding the risk of falls and what you 
can do to prevent them.   
If I don’t join is there anything else I can do? 
If you decide not to join the trial, we will provide you with pamphlets containing 
important information about falls and fall prevention.  These will be left at reception 
or with the manager of your facility for you to collect when convenient.  We will 
recommend websites which detail check-lists for you to do at home to make sure 
your environment is as safe as possible in terms of fall risk.  You can of course talk 
to your own doctor and physiotherapist if you have concerns or ask the research 
team for a referral.  We will also give the manager a list of exercise classes aimed at 
older adults in your area should you think joining one would be a good idea.   
Payment and expenses 
You do not have to pay to join the study, nor will you incur any expenses as 
we will come to you and supply all the necessary equipment.  Unfortunately, there is 
no payment to you for your participation.   
What if I change my mind? 
You do not have to join the study, it is strictly on a voluntary basis.  As it 
involves a commitment of your time over a six-month period, please take your time to 
consider if this is the right thing for you.  You can withdraw from the study at any time 
without having to explain your reasons. 
What about my privacy? 
Only the researchers will know your identity.  Once you have joined the study 
you will be given a research number so your name will never be revealed.  All 




documents will be kept as confidential and safeguarded in both physical and 
electronic forms.  Steps have been taken to make sure they are secure from 
tampering and hacking.  All the individuals you will meet during this study are 
qualified and registered health care practitioners (e.g. physiotherapists, audiologists) 
and are bound by their professional codes of ethics. All study personnel have signed 
a confidentiality agreement.  Any breaches of confidentiality will be dealt with 
immediately.    
Where do I find further information? 
Please feel free to discuss any concerns with any of the research team.  The 
names and contact details of the primary researcher and her supervisors are at the 
end of this letter.  In addition, the contact details for the University of Cape Town 
Faculty of Health Sciences Human Research Ethics Committee, who granted 
approval for this study to be conducted, have been provided.   
What do I do next? 
Please take a look at this information sheet and the consent form attached.  
Please have them ready at your appointment to meet the researchers.  If you have 
any questions related to the study, please contact: 
Primary investigator: Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors:  
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975 Email: Delva.Shamley@uct.ac.za 
 
 
If you have any ethical queries or concerns, in particular regarding individual 
rights or the welfare of any research participant, please contact the Faculty of 
Health Sciences Human Research Ethics Committee  
Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492 
Email: sumayah.ariefdien@uct.ac.za 
*Note font and format were suitable for an older adult reader.





I have read/had read to me this consent form and the Information Sheet 
and had the opportunity to ask any questions I may have. 
 
I agree to participate in this research study.  The decision I have made is 
completely my own.  I agree for my results to be used for research 
purposes and that the results may be published. 
 
I know that I can withdraw from the study at any time.  
I know all the details about me, including medical information, will be kept 
private.  Even if the results of the study are published, I understand that I 
will not be identifiable. 
 
I understand what I am required to do in terms of the tests and the exercise 
programmes and am willing to join the study for a period of six months.  
During this time, I will receive follow up visits and phone calls to monitor my 
progress. 
 
I understand that the risks involved in this study are minimal and similar to 
those encountered in daily living. 
 
I have been informed that I may possibly benefit from doing the exercise 
programmes by improving my balance and strength.  I do not have to pay 
for the exercise programmes nor will I receive payment for my participation.   
 
 
Study number:  
 
Signature of Participant:  ___________________Date: _____________________
  
 




Appendix D.3 Information sheet and Informed Consent Documents for 
Focus Groups. 
 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315 
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
      29.7.2017 
Dear ……………………………. 
Re: your experiences in the fall prevention clinical trial 
Thank you so much for your interest in the trial so far.  Just to remind you, my 
name is Christine Rogers, I am a doctoral degree student at UCT and the purpose of 
this study is for research.  I understand that you may have started the exercise 
programme, and either continued with it; or for some reason decided it was not for 
you.  Some of you have already given very valuable feedback about your experience 
and I am interested to learn more about this. 
I would like to host something called a focus group and believe you could 
make a valuable contribution to   my understanding of the research I am doing.  This 
letter explains what is requested in more detail. It is followed by an informed consent 
form.   
 What is this part of the research about? 
I will be running a small group of between six and eight people at a time that 
suits you.  All the participants in the group will come from your residence, and we will 
meet in the communal area, which I will book so we have some privacy.  We will 
start by having some refreshments and settling in.  Then we will do some activities 
which are described in more detail below. 




What do I have to do? 
Once you have agreed to join the group and signed the consent 
 
You will be asked to think about three things: 
• Your attitude to falls and any thoughts about fall prevention 
• Your experience of the exercise intervention (whether good or bad – I’d like to 
know!) 
• What if anything, made you leave the programme OR continue with it 
Then you will put your thoughts or the most important ideas on sticky notes. 
 
After that we will discuss as a small group.  Everyone is encouraged to 
participate and have his or her say.  I will chair the group to make sure we cover all 
the areas in the time we have.  To finish, we will look at the sticky notes again and 
arrange them on a big sheet of paper in order of the most important to the least 
important. 
What else do I need to know? 
• As always, your participation is entirely voluntary.  You do not have to agree 
to join the group.  Even if you do say yes and arrive, you may leave at any 
time without having to explain why. 
• Unfortunately, we cannot pay you for your participation, but you will be given 
refreshments and a small token of my appreciation for your time. 
• I expect the discussion to take about 90 minutes plus time for tea, so you 
need to allow about two hours of your time overall. 
• The discussion session will be audio-recorded.  The conversation will be 
written out in full and then analysed.  Your name will not be used in the write 
up, rather you will be given a pseudonym.  If you would like to choose your 
own pseudonym, please let me know; otherwise I will allocate one to you. 
• Unlike the other parts of the research programme so far, you will know who 
the other members of the group are.  This means that while I can protect your 
identity and privacy in any write-up of the results, the other participants will 
know who you are and what you think.  I will ask everyone to keep the session 
confidential to “outsiders” but cannot do more than this.  Thus, I can keep your 
results anonymous and confidential to me, but not within the group. 
 
 




What about risks and benefits? 
• While there is no direct benefit for you, your experience will give us valuable 
feedback about the study and the design of any future studies. 
• It is unlikely that much personal or distressing information will be revealed in 
the group.  However, should you become emotional or upset you will receive 
immediate psychological first aid after the session and a referral if you request 
it. 
• There is a potential risk in terms of a breach of confidentiality in the group.  I 
will ask everyone present to keep the group’s confidence but cannot 
guarantee they do so.   
• Your name will never be entered into the report; and the site will not be 
identifiable, so it will not be possible for anyone reading the report to trace 
your thoughts and comments back to you. 
• These precautions, plus the voluntary nature of the study, make the 
risk/benefit ratio acceptable 
Please do feel free to ask any questions you might have.  As you know, the 
overall project has approval from our Human Research Ethics Committee (reference 
number HREC 818/2015) and permission to conduct this part of the trial has been 
granted. 
Should you have any questions please don’t hesitate to ask.  My supervisors’ 
names and contact details appear below; as do the details of the Chair of the Ethics 
Committee. 
Thank you again for your time 
 
Christine Rogers 
Contact details of supervisors: 
Student: Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors:  
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975  Email: Delva.Shamley@uct.ac.za 
If you have any ethical queries or concerns, in particular regarding individual 
rights or the welfare of any research participant, please contact  




Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492  Email: sumayah.ariefdien@uct.ac.za 
Consent Form 
I have read this consent form and the Information Sheet and had the 
opportunity to ask any questions I may have. 
 
I agree to participate in this focus group.  The decision I have made is 
completely my own.  I agree for my results to be used for research 
purposes and that the results may be published. 
 
I know that I can leave the group at any time.  Changing my mind about 
being in the group will not make any difference to my participation in the 
overall programme. 
 
I know that this session will be audio-recorded, and the results written up.  I 
will be given (or may choose) a pseudonym to protect my identity.  The 
identity of the site is protected.   
 
I understand that the nature of this group is that the others in it will know 
who I am and what I think. 
 
I understand that there are minimal risks involved participating in the group.  
If I become distressed or emotional, I may ask the researcher to refer me 
appropriately or counsel me after the group. 
 
I understand that I will not receive any payment for my participation in the 
group.   
 
 
Study number:  
 









Appendix E MiniBESTest Balance Evaluation Systems Test 
Appendix E.1 Introduction. 
The MiniBESTest was adapted from the original BESTest which examines all 
the sub-systems supporting balance and postural control (871).  Research suggests 
the original BESTest is rarely used by clinicians (<1%) to examine balance and 
related fall risk, although elements of the test are used more commonly, such as SLS 
(79.1% of a poll of physiotherapists in Canada) and TUG (27.6%) (872).   
Anson and colleagues(873)  evaluated psychometric data for the MiniBESTest 
in a population of older adults with non-specific balance deficits.  They found 
excellent test-retest reliability (ICC71 0.84; 95%CI 0.73 – 0.90); and standard error of 
mean (SEM) = 1.4.  The MiniBESTest’s responsiveness was examined and 
calculated as MDC7295 = 4.0(873).  A recent Thai study found the MiniBESTest (AUC73 
0.71) superior to the BBS (AUC 0.59) and TUG (AUC 0.41) in correctly predicting 
falls (875).  The feasibility study was designed prior to the research cited above, and 
the MiniBESTest included due to the uncertainty of which outcome measures would 
be helpful in a large-scale RCT. Recent research has examined the role of the 
MiniBESTest and fall risk in older adults and justifies the choice of test in the current 




71 Intra-class coefficient. 
72 Minimum Detectable Change. 
73 Area Under Curve (calculated in a Receiver Operating Characteristic (ROC) statistical test).  ROC tests assess 
the accuracy of a diagnostic test or prediction models 874. Obuchowski NA, Bullen JA. Receiver operating 
characteristic (ROC) curves: review of methods with applications in diagnostic medicine. Phys Med Biol. 
2018;63(7):07TR1..  




Appendix E.2 MiniBESTest procedure instructions and score sheet (604). 
 
ANTICIPATORY SUBSCORE (ITEMS 1-3) SUBTOTAL: ……./6 
1. SIT TO STAND 
Instruction: “Cross your arms across your chest. Try not to use your hands unless you 
must. Do not let your legs lean against the back of the chair when you stand. Please 
stand up now.” 
(2) Normal: Comes to stand without use of hands and stabilizes independently. 
(1) Moderate: Comes to stand WITH use of hands on first attempt. 
(0) Severe: Unable to stand up from chair without assistance OR needs several 
attempts with use of hands. 
2. RISE TO TOES 
Instruction: “Place your feet shoulder width apart. Place your hands on your hips. Try 
to rise as high as you can onto your toes. I will count out loud to 3 seconds. Try to 
hold this pose for at least 3 seconds. Look straight ahead. Rise now.” 
(2) Normal: Stable for 3 s with maximum height. 
(1) Moderate: Heels up, but not full range (smaller than when holding hands), OR 
noticeable instability for 3 s. 
(0) Severe: < 3 s. 
3. STAND ON ONE LEG 
Instruction: “Look straight ahead. Keep your hands on your hips. Lift your leg off of the 
ground behind you without touching or resting your raised leg upon your other standing 
leg. Stay standing on one leg as long as you can. Look straight ahead. Lift now.” 
Left: Time in Seconds Trial 1: _____Trial 2: _____ 
(2) Normal: 20 s. 
(1) Moderate: < 20 s. 
(0) Severe: Unable. 
Right: Time in Seconds Trial 1: _____Trial 2: _____ 
(2) Normal: 20 s. 
(1) Moderate: < 20 s. 
(0) Severe: Unable 
 




To score each side separately use the trial with the longest time. 
To calculate the sub-score and total score use the side [left or right] with the 
lowest numerical score [i.e. the worse side]. 
REACTIVE POSTURAL CONTROL (ITEMS 4 – 6) SUBTOTAL …../6 
4. COMPENSATORY STEPPING CORRECTION- FORWARD 
Instruction: “Stand with your feet shoulder width apart, arms at your sides. Lean 
forward against my hands beyond your forward limits. When I let go, do whatever is 
necessary, including taking a step, to avoid a fall.” 
(2) Normal: Recovers independently with a single, large step (second realignment step 
is allowed). 
(1) Moderate: More than one step used to recover equilibrium. 
(0) Severe: No step, OR would fall if not caught, OR falls spontaneously. 
5. COMPENSATORY STEPPING CORRECTION- BACKWARD 
Instruction: “Stand with your feet shoulder width apart, arms at your sides. Lean 
backward against my hands beyond your backward limits. When I let go, do whatever 
is necessary, including taking a step, to avoid a fall.” 
(2) Normal: Recovers independently with a single, large step. 
(1) Moderate: More than one step used to recover equilibrium. 
(0) Severe: No step, OR would fall if not caught, OR falls spontaneously. 
6. COMPENSATORY STEPPING CORRECTION- LATERAL 
Instruction: “Stand with your feet together, arms down at your sides. Lean into my hand 
beyond your sideways limit. When I let go, do whatever is necessary, including taking 
a step, to avoid a fall.” 
Left 
(2) Normal: Recovers independently with 1 step (crossover or lateral OK). 
(1) Moderate: Several steps to recover equilibrium. 
(0) Severe: Falls or cannot step. 
Right 
(2) Normal: Recovers independently with 1 step (crossover or lateral OK). 
(1) Moderate: Several steps to recover equilibrium. 
(0) Severe: Falls or cannot step. 
Use the side with the lowest score to calculate sub-score and total score. 




SENSORY ORIENTATION (ITEMS 7 – 9) SUBSCORE …../6 
7. STANCE (FEET TOGETHER); EYES OPEN, FIRM SURFACE 
Instruction: “Place your hands on your hips. Place your feet together until almost 
touching. Look straight ahead. Be as stable and still as possible, until I say stop.” 
Time in seconds: ________ 
(2) Normal: 30 s. 
(1) Moderate: < 30 s. 
(0) Severe: Unable. 
8. STANCE (FEET TOGETHER); EYES CLOSED, FOAM SURFACE 
Instruction: “Step onto the foam. Place your hands on your hips. Place your feet 
together until almost touching. Be as stable and still as possible, until I say stop. I will 
start timing when you close your eyes.” 
Time in seconds: ________ 
(2) Normal: 30 s. 
(1) Moderate: < 30 s. 
(0) Severe: Unable. 
9. INCLINE- EYES CLOSED 
Instruction: “Step onto the incline ramp. Please stand on the incline ramp with your 
toes toward the top. Place your feet shoulder width apart and have your arms down at 
your sides. I will start timing when you close your eyes.” 
Time in seconds: ________ 
(2) Normal: Stands independently 30 s and aligns with gravity. 
(1) Moderate: Stands independently <30 s OR aligns with surface. 





DYNAMIC GAIT (ITEMS 10 -14) SUBTOTAL ……/10 
 
 




10. CHANGE IN GAIT SPEED 
Instruction: “Begin walking at your normal speed, when I tell you ‘fast’, walk as fast as 
you can. When I say ‘slow’, walk very slowly.” 
(2) Normal: Significantly changes walking speed without imbalance. 
(1) Moderate: Unable to change walking speed or signs of imbalance. 
(0) Severe: Unable to achieve significant change in walking speed AND signs of 
imbalance. 
 
11. WALK WITH HEAD TURNS – HORIZONTAL 
Instruction: “Begin walking at your normal speed, when I say “right”, turn your head 
and look to the right. When I say “left” turn your head and look to the left. Try to keep 
yourself walking in a straight line.” 
(2) Normal: performs head turns with no change in gait speed and good balance. 
(1) Moderate: performs head turns with reduction in gait speed. 
(0) Severe: performs head turns with imbalance. 
12. WALK WITH PIVOT TURNS 
Instruction: “Begin walking at your normal speed. When I tell you to ‘turn and stop’, 
turn as quickly as you can, face the opposite direction, and stop. After the turn, your 
feet should be close together.” 
(2) Normal: Turns with feet close FAST (< 3 steps) with good balance. 
(1) Moderate: Turns with feet close SLOW (>4 steps) with good balance. 
(0) Severe: Cannot turn with feet close at any speed without imbalance. 
13. STEP OVER OBSTACLES 
Instruction: “Begin walking at your normal speed. When you get to the box, step over 
it, not around it and keep walking.” 
(2) Normal: Able to step over box with minimal change of gait speed and with good 
balance. 
(1) Moderate: Steps over box but touches box OR displays cautious behaviour by 
slowing gait. 
(0) Severe: Unable to step over box OR steps around box. 
 
 




14. TIMED UP & GO WITH DUAL TASK [3 METER WALK] 
Instruction TUG: “When I say ‘Go’, stand up from chair, walk at your normal speed 
across the tape on the floor, turn around, and come back to sit in the chair.” 
Instruction TUG with Dual Task: “Count backwards by threes starting at ___. When I 
say ‘Go’, stand up from chair, walk at your normal speed across the tape on the floor, 
turn around, and come back to sit in the chair. Continue counting backwards the entire 
time.” 
TUG: ________seconds; Dual Task TUG: ________seconds 
(2) Normal: No noticeable change in sitting, standing or walking while backward 
counting when compared to TUG without Dual Task. 
(1) Moderate: Dual Task affects either counting OR walking (>10%) when compared 
to the TUG without Dual Task. 
(0) Severe: Stops counting while walking OR stops walking while counting. 
When scoring item 14, if subject’s gait speed slows more than 10% between the 
TUG without and with a Dual Task the score should be decreased by a point. 




















Appendix E.3 MiniBESTest Equipment and scoring descriptors. 
Subject Conditions: Subject should be tested with flat-heeled shoes OR shoes and 
socks off. 
Equipment:  
• Temper® foam (also called T-foam 10cm thick, medium density T41 firmness 
rating) 
• chair without arm rests or wheels 
• incline ramp 
• stopwatch 
• a box (23cm height)  
• 3 meter distance measured out and marked on the floor with tape [from chair]. 
Scoring: The test has a maximum score of 28 points from 14 items that are each 
scored from 0-2. 
“0” indicates the lowest level of function and “2” the highest level of function. 
If a subject must use an assistive device for an item, score that item one category 
lower.  If a subject requires physical assistance to perform an item, score “0” for that 
item. 
For Item 3 (stand on one leg) and Item 6 (compensatory stepping-lateral) only include 
the score for one side (the worse score). 
For Item 3 (stand on one leg) select the best time of the 2 trials [from a given side] for 
the score. 
For Item 14 (timed up & go with dual task) if a person’s gait slows greater than 10% 
between the TUG without and with a dual task then the score should be decreased by 
a point. 
 
1. Sit to stand Note the initiation of the movement, and the use of the 
subject’s hands on the seat of the chair, the thighs, or the 
thrusting of the arms forward. 
 
2. Rise to toes Allow the subject two attempts. Score the best attempt. 
(If you suspect that subject is using less than full height, 
ask the subject to rise up while holding the examiners’ 
hands.) Make sure the subject looks at a non-moving 
target 4-12 feet away. 
 
 




3. Stand on one 
leg 
Allow the subject two attempts and record the times. 
Record the number of seconds the subject can hold up to 
a maximum of 20 seconds. Stop timing when the subject 
moves hands off of hips or puts a foot down. Make sure 
the subject looks at a non-moving target 4-12 feet ahead. 






Stand in front of the subject with one hand on each 
shoulder and ask the subject to lean forward (Make sure 
there is room for them to step forward). Require the 
subject to lean until the subject’s shoulders and hips are 
in front of toes. After you feel the subject’s body weight in 
your hands, very suddenly release your support. The test 
must elicit a step. 






Stand behind the subject with one hand on each scapula 
and ask the subject to lean backward (Make sure there is 
room for the subject to step backward.) Require the 
subject to lean until their shoulders and hips are in back of 
their heels. After you feel the subject’s body weight in your 
hands, very suddenly release your support. Test must 
elicit a step.  






Stand to the side of the subject, place one hand on the 
side of the subject’s pelvis, and have the subject lean their 
whole body into your hands. Require the subject to lean 
until the midline of the pelvis is over the right (or left) foot 
and then suddenly release your hold.  
NOTE: Be prepared to catch subject. 
 




Record the time the subject was able to stand with feet 
together up to a maximum of 30 seconds. Make sure 
subject looks at a non-moving target 1.2 – 3.6m away. 
 
8. Stance (feet 
together): eyes 
closed, foam 
Use medium density Temper® foam, 10cm thick. Assist 
subject in stepping onto foam. Record the time the subject 
was able to stand in each condition to a maximum of 30 
seconds. Have the subject step off the foam between 
trials. Flip the foam over between each trial to ensure the 
foam has retained its shape. 
9. Incline – eyes 
closed 
Aid the subject onto the ramp. Once the subject closes 
eyes, begin timing and record time up to 30s maximum. 
Note if there is excessive sway. 
 




10. Change in gait 
speed 
Allow the subject to take 3-5 steps at normal speed, and 
then say “fast”. After 3-5 fast steps, say “slow”.  Allow 3-5 
slow steps before the subject stops walking. 
 
11. Walk with 
horizontal head 
turns 
Allow the subject to reach normal speed, and give the 
commands “right, left” every 3-5 steps. Score if you see a 
problem in either direction. If subject has severe cervical 
restrictions allow combined head and trunk movements. 
 
12. Walk with pivot 
turns 
Demonstrate a pivot turn. Once the subject is walking at 
normal speed, say “turn and stop.” Count the number of 
steps from “turn” until the subject is stable. Imbalance 
may be indicated by wide stance, extra stepping or trunk 
motion. 
 
13. Step over 
obstacles  
Place the box (23 cm height) 3m away from where the 
subject will begin walking. Two shoeboxes taped together 
works well to create this apparatus. 
 
14. Timed Up and 





Use the TUG time to determine the effects of dual 
tasking. The subject should walk a 3 meter distance. 
TUG: Have the subject sitting with the subject’s back 
against the chair. The subject will be timed from the 
moment you say “Go” until the subject returns to sitting. 
Stop timing when the subject’s buttocks hit the chair 
bottom and the subject’s back is against the chair. The 
chair should be firm without arms.  
 
TUG with Dual Task (also referred to as TUG-COG): 
While sitting determine how fast and accurately the 
subject can count backwards by threes starting from a 
number between 100-90. Then, ask the subject to count 
from a different number and after a few numbers say 
“Go”. Time the subject from the moment you say “Go” 
until the subject returns to the sitting position. Score dual 
task as affecting counting or walking if speed slows 
(>10%) from TUG and or new signs of imbalance. 
 
Retrieved 9 April 2014 from 
http://www.bestest.us/files/7413/6380/7277/MiniBEST_revised_final_3_8_13.pdf 
Normative data for the MiniBESTest are as follows: Mean (SD) scores: ages 
60-69: 24.7/28 (2.2); ages 70-79: 21.0/28 (SD3.1) and ages 80-89: 19.6/28 (4.2) (876).  
The impact of increasing age is marked. 
 
 




Appendix E.4 Timed-up-and-Go. 
TUG procedure was conducted as above and was evaluated as an 
independent test as well as a component of the MiniBESTest. An MA (19) revealed 
that a cut-off point of ≥13.5 seconds limits the diagnostic accuracy of the TUG; and 
cautioned regarding its use for identification of community-dwelling adults at high risk 
of falling in clinical practice.  However, it is commonly used in both research and 
clinical practice (386, 818) and is recommended by the professional societies and in 
clinical guidelines74.  The Centers for Disease Control’s recommendation of a 12s 
cut-off (348) was implemented.    
Rydwik and colleagues’ (2) SR revealed an ICC of 0.91 and suggested the 
TUG was able to discriminate between individuals with falls or no falls; but not fall 
risk.  The same review demonstrated known-groups validity and concluded the test 
was reliable and valid, but that responsiveness data was lacking (2).  More recently, 
TUG-cognitive was reported to have significant correlation with fall events (877).  In 
addition, strong correlations between TUG and objective measures of gait have been 
noted (878).  Normative data (879) for TUG are shown in Appendix Table N.4; which 
clearly demonstrates the impact of sex and increasing age. 






























10.4 10.9 12.2 13.3 11.4 12.0 13.1 14.3 
Standard 
Error 
0.1 0.1 0.2 0.3 0.1 0.1 0.2 0.3 
















Legend: (M): males (F): females.  
 
 
74 See discussion in Literature Review. 




Appendix F Dynamic Gait Index 
The DGI (880) is a widely used measure of dynamic balance during gait 
activities, yielding information regarding functional stability useful for fall risk 
prediction (881).  Item 1 on the DGI serves as a baseline and examines self-paced 
(preferred) walking on a level surface (614).  In this study, Item 1 was timed to produce 
preferred walking speed in m/s; and items embedded in the MiniBESTest were not 
repeated.   
Challenges to dynamic balance are added by changes in speed or direction, 
head turns (horizontal and vertical); avoiding obstacles and climbing stairs (614). 
Ordinal scores are awarded using descriptors ranging from 0 (severe impairment) to 
3 which is normal (614).  Total score is 24, which is the best possible result (614). 
Scores of ≤19 suggest fall risk and are used to monitor progress in therapy (3).   
While concurrent validity with TUG has been established along with ICC 
between 0.84 – 0.96 (614); ceiling effects in high functioning older adults limit the 
DGI’s responsiveness (881).  Romero and colleagues (3) established an MDC95 of 2.9 
DGI points.  Table F.1 shows normative values per decade for DGI (616). Note the 
widening range with ageing.   
Table F.1. DGI scores per decade of life. 
Decade of life Mean DGI score SD Inter-quartile range 
6th 23.9 0.4 22 - 24 
7th 23.2 0.9 21 - 24 
8th 22.0 2.0 13 - 24 
    
Preferred walking speed. 
  Item 1 of the DGI was time to calculate preferred walking speed in m/s.  
Preferred walking speed is a valid, reliable and sensitive test of functional status and 
overall health and is widely used clinically and in research (882). There are strong 
correlations between reduced preferred walking speed and adverse events in older 
adults, including falls, morbidity, and mortality even in healthy older populations (883).  
Moreover, this ‘sixth vital sign’ (882) may allow responses to rehabilitation and fall risk 




reduction to be estimated (882). Individuals with a walking speed of <1.0m/s are at 
higher risk for falls (883).   
Preferred walking speed is a responsive measure with clinically meaningful 
changes ranging from small (0.05m/s) to substantial (0.1m/s) over 4 or 10m courses 
(882). Table F.1 presents results from a MA (884) pooling preferred walking speeds and 
the slowing with age is most apparent.  
Table F.2. Results from meta-analysis demonstrating impact of age and sex on 









M 60-69 years 941 
133.9 
(126 – 141.2) 
103.3 – 159.0 
M 70 – 79 years 3, 671 
126.2 
(121.0 – 132.2) 
95.7 – 141.5 
M 80 – 99 years 1, 091 
96.8 
(83.4 – 110.1) 
66.38 – 122.1 
F 60 – 69 years 5, 013 
124.1 
(118.3 – 130.0) 
97.0 – 145.0 
F 70 – 79 years 8, 591 
113.2 
(107.2 – 119.2) 
83.0 – 150.0 
F 80 – 99 years 2, 152 
94.3 
(85.2 – 103.4) 
55.7 – 117.0 
Legend: (M): male; (F): female; cm/s: centimetres per second.  
 




Number of steps for 360° pivot turn and stop. 
DGI item 5 requires a pivot 360° turn and stop.  The number of steps to 
complete the turn were counted and analysed separately.  Researchers have known 
for decades the greater the number of steps required to complete the action, the 
higher the risk of falls (885). The DGI instrument and method follows. 
Dynamic Gait Index method and instructions 
1. Gait level surface* _____ 
Instructions: Walk at your normal speed from here to the next mark (6.1m) 
Grading: Mark the lowest category that applies. 
(3)  Normal: Walks 6.1m, no assistive devices, good speed, no evidence for 
imbalance, normal gait pattern 
(2)  Mild Impairment: Walks 6.1m, uses assistive devices, slower speed, mild gait 
deviations. 
(1) Moderate Impairment: Walks 6.1m, slow speed, abnormal gait pattern, 
evidence for imbalance. 
(0) Severe Impairment: Cannot walk 6.1m without assistance, severe gait 
deviations or imbalance. 
*Note: preferred walking speed was embedded here and recorded as metres per 
second.  The participant was at his/her preferred speed when timing commenced 
(i.e. dynamic start), and the end of the timing period/distance was not announced to 
prevent slowing. Timing was initiated when the first foot stepped over the first marker 
and ended when the first foot passed over the second marker. The participant was 
asked to “do a normal walk”. 
2. Change in gait speed _____ 
Instructions: Begin walking at your normal pace (for 1.5m), when I tell you “go,” walk 
as fast as you can (for 1.5m). When I tell you “slow,” walk as slowly as you can (for 
1.5m). 
Grading: Mark the lowest category that applies. 
(3)  Normal: Able to smoothly change walking speed without loss of balance or gait 
deviation. Shows a significant difference in walking speeds between normal, fast and 
slow speeds. 
(2)  Mild Impairment: Is able to change speed but demonstrates mild gait deviations, 
or not gait deviations but unable to achieve a significant change in velocity or uses an 
assistive device. 




(1) Moderate Impairment: Makes only minor adjustments to walking speed or 
accomplishes a change in speed with significant gait deviations, or changes speed but 
has significant gait deviations, or changes speed but loses balance but is able to 
recover and continue walking. 
(0) Severe Impairment: Cannot change speed or loses balance and has to reach 
for wall or be caught. 
 
3. Gait with horizontal head turns _____ 
Instructions:  Begin walking at your normal pace. When I tell you to “look right,” keep 
walking straight, but turn your head to the right. Keep looking to the right until I tell you, 
“look left,” then keep walking straight and turn your head to the left. Keep your head 
to the left until I tell you “look straight”, then keep walking straight, but return your head 
to the centre. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Performs head turns smoothly with no change in gait. 
(2)  Mild Impairment: Performs head turns smoothly with slight change in gait 
velocity, i.e., minor disruption to smooth gait path or uses walking aid. 
(1) Moderate Impairment: Performs head turns with moderate change in gait 
velocity, slows down, staggers but recovers, can continue to walk. 
(0) Severe Impairment: Performs task with severe disruption of gait, i.e., staggers 
outside 38cm path, loses balance, stops, reaches for wall. 
 
4. Gait with vertical head turns _____ 
Instructions: Begin walking at your normal pace. When I tell you to “look up,” keep 
walking straight, but tip your head up. Keep looking up until I tell you, “look down,” then 
keep walking straight and tip your head down. Keep your head down until I tell you 
“look straight” then keep walking straight, but return your head to the centre. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Performs head turns smoothly with no change in gait. 
(2) Mild Impairment: Performs head turns smoothly with slight change in gait 
velocity, i.e., minor disruption to smooth gait path or uses walking aid. 
(1) Moderate Impairment: Performs head turns with moderate change in gait 
velocity, slows down, staggers but recovers, can continue to walk. 
(0)  Severe Impairment: Performs task with severe disruption of gait, i.e., staggers 
outside 38cm path, loses balance, stops, reaches for wall. 




5. Gait and pivot turn _____ 
Instructions: Begin walking at your normal pace. When I tell you, “turn and stop,” turn 
as quickly as you can to face the opposite direction and stop. 
Grading: Mark the lowest category that applies. 
(3)    Normal: Pivot turns safely within 3 seconds and stops quickly with no loss of 
balance. 
(2)    Mild Impairment: Pivot turns safely in > 3 seconds and stops with no loss of 
balance. 
(1) Moderate Impairment: Turns slowly, requires verbal cueing, requires several 
small steps to catch balance following turn and stop. 
(0) Severe Impairment: Cannot turn safely, requires assistance to turn and stop. 
Number of steps noted here. 
6. Step over obstacle ____ 
Instructions: Begin walking at your normal speed. When you come to the shoebox, 
step over it, not around it, and keep walking. 
Grading: Mark the lowest category that applies. 
(3)    Normal: Is able to step over the box without changing gait speed, no evidence 
of imbalance. 
(2) Mild Impairment: Is able to step over box but must slow down and adjust steps 
to clear box safely. 
(1) Moderate Impairment: Is able to step over box but must stop, then step over. 
May require verbal cueing. 
(0) Severe Impairment: Cannot perform without assistance. 
 
7. Step around obstacles _____ 
Instructions: Begin walking at normal speed. When you come to the first cone (about 
3m away), walk around the right side of it. When you come to the second cone (3m 
past first cone), walk around it to the left. 
Grading: Mark the lowest category that applies. 
(3) Normal: Is able to walk around cones safely without changing gait speed; no 
evidence of imbalance. 
(2) Mild Impairment: Is able to step around both cones but must slow down and 
adjust steps to clear cones. 




(1) Moderate Impairment: Is able to clear cones but must significantly slow, speed 
to accomplish task, or requires verbal cueing. 
(0) Severe Impairment: Unable to clear cones, walks into one or both cones, or 
requires physical assistance. 
 
8. Steps _____ 
Instructions: Walk up these stairs as you would at home**, i.e., using the railing if 
necessary. At the top, turn around and walk down. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Alternating feet, no rail. 
(2)  Mild Impairment: Alternating feet, must use rail. 
(1) Moderate Impairment: Two feet to a stair, must use rail. 
(0)  Severe Impairment: Cannot do safely. 
 
**note due to many South African homes not having steps, the words “as you 
normally would” will be substituted for “as you would at home”.  In facilities where 
steps were not readily available, participants were asked how they normally 
negotiated steps. 
 
TOTAL SCORE: ___ / 24 




Appendix G Monitoring Logs 
Appendix G.1 Exercise Log. 
  





MONDAY TUESDAY WED THURSDAY FRIDAY SAT/SUN 
 
  






























































        
  












































               























































             




Appendix G.2 Log of falls, injuries and expenses incurred. 
 
Participant number: 
Please complete the following each month (we will send you a reminder!): 
(Please note, we also want to know about trips, slips and near-misses) 
2017/8 
Date/s of fall, 






table): A, B, 
C, D, E 
January 
 
   
February 
 






   
May 
 
   






   
July 
 
   
August 
 
   
September 
 
   
October 
 
   
November 
 













If you have fallen at any time, please indicate the type of injury you sustained by entering A, B, C, D, or E in the “Injury sustained” 
column using the descriptions of types of injuries below (please ask if you are not sure): 
Consequences of falls – fill in A, B, C, D or E in the appropriate column  
□ A – Serious injury: needed to be admitted to hospital or to the accident and emergency unit with fractured bones, head or internal 
injuries 
□ B – Moderate injury: wounds, bruises, cuts requiring a medical/health professional examination such as physical examination, X-
ray, sutures (stiches) 
□ C – Minor injury: minor bruises or cuts not requiring health professional assistance, reduction in physical activities for at least 
three days 
□ D – No injury: no physical injury detected 
□ E – no injury but afraid of falling again 
Please complete the next page as well!




Please complete this log regarding the costs incurred due to your fall. Complete for each and every fall, even if you had no 


















































10 days at R4 










visits at R400 
 
Out-patient 15 




















































Appendix H Cognitive screening and Mini-Cog 
Appendix H.1 Introduction. 
Various tests exist to screen for cognitive change in older people, the most 
common of which is the Mini-Mental State Examination (581).  However, there is 
evidence that the Mini-Mental State Examination (MMSE) may not be widely 
applicable, and its validity has been challenged by differences in the educational, 
cultural and linguistic backgrounds of those being tested (886).  Due to these 
constraints, other instruments such as the Mini-Cog have been shown to be as good 
(581), or even better than the MMSE with less bias (887), suggesting it is an effective 
screening tool for older adults in various settings (573, 579, 583).     
The Mini-Cog is a simple, evidence-based test which is easy to administer 
and score and uses only minimal equipment  (579, 888).  The test requires 
memorisation of three words and a clock drawing test, thereafter memory of the 
three assigned words is tested (582).  The clock drawing test evaluates different facets 
of cognitive integrity including auditory and visual comprehension, knowledge and 
executive function (889) and serves as a distraction between the memory tasks (582).  
The Mini- Cog’s sensitivity is 74% and specificity for dementia is 89% (890).  
Administration time is under three minutes and it is easy for non-English speakers 
(890) making it suitable in the South African context. 
Scoring is between 0 and 5; one point is given for each word correctly recalled 
(582).  If the clock is correctly drawn (as indicated by the instructions) two points are 
awarded, and no points if it is abnormal (582).  Scores of 0-2 suggest probable 
impairment (582) and resulted in exclusion from the research, while scores between 3 










Appendix H.2 Permission to use Mini-Cog. 
 
 






























Appendix I Geriatric Depression Scale (short form) 
Appendix I.1 Introduction. 
The Geriatric Depression Scale (GDS) was developed as a self-report 
measure to screen for depression in older adults (891).  The GDS has been widely 
used (892) and correlates well with clinical diagnoses of depression (893).  The GDS is 
in the public domain and available free of charge (586).  The short form (GDS-SF) 
reduced 30 questions to 15 forced choice questions regarding subjective 
experiences of depression in the last week (585), and has been validated across 
different settings and populations (586) .  The short form version has good 
psychometric properties (894). Recent meta-analysis (MA) of the GDS-15 using a cut-
off score of 5/15 demonstrated sensitivity of 0.89 (95%CI 0.80 – 0.94) and specificity 
of 0.77 (95% CI 0.65 – 0.86) (587). The GDS-15 was used to screen participants for 
depression.  The short form takes between five and seven minutes to complete (895).  
The brevity and simplicity of the GDS may reduce older adults’ anxiety about having 
to complete what could be perceived as a psychological test and enhance the 
completion rate (891).    
Of the fifteen questions, ten indicate depression when answered affirmatively, 
and the remaining five when answered negatively (895).  Answers are totalled to give 
a score out of 15, while incomplete answers were subjected to a prorated score (896).    
For example, if the answers are provided for 12/15 questions and four are 
highlighted, the score would be 4.  Three answers were omitted, so one third of the 
omitted answers are added to the original score e.g. 4 + 1 = 5 (896).  A cut-off score of 
≥5 suggests a positive screen for depression (894) and resulted in exclusion of the 












Appendix I.2 Geriatric Depression Scale (short form, 15 item). 
 
Instructions: 
Circle the answer that best describes how you felt over the past week. 
 
1. Are you basically satisfied with your life?         Yes     No 
2. Have you dropped many of your activities and interests?      Yes     No 
3. Do you feel that your life is empty?         Yes     No 
4. Do you often get bored?          Yes     No 
5. Are you in good spirits most of the time?        Yes    No 
6. Are you afraid that something bad is going to happen to you?     Yes    No 
7. Do you feel happy most of the time?        Yes    No 
8. Do you often feel helpless?          Yes    No 
9. Do you prefer to stay at home, rather than going out and doing things?   Yes    No 
10. Do you feel that you have more problems with memory than most?  Yes    No 
11. Do you think it is wonderful to be alive now?       Yes   No 
12. Do you feel worthless the way you are now?       Yes    No 
13. Do you feel full of energy?          Yes    No 
14. Do you feel that your situation is hopeless?       Yes   No 
15. Do you think that most people are better off than you are?     Yes   No 
 













Appendix I.3 Geriatric Depression Scale (short form, 15 items) Scoring 
Instructions. 
Instructions: 
Score 1 point for each highlighted answer.  
1. Are you basically satisfied with your life?         Yes     No 
2. Have you dropped many of your activities and interests?      Yes     No 
3. Do you feel that your life is empty?         Yes     No 
4. Do you often get bored?          Yes     No 
5. Are you in good spirits most of the time?        Yes    No 
6. Are you afraid that something bad is going to happen to you?     Yes    No 
7. Do you feel happy most of the time?        Yes    No 
8. Do you often feel helpless?          Yes    No 
9. Do you prefer to stay at home, rather than going out and doing things?   Yes   No 
10. Do you feel that you have more problems with memory than most?  Yes    No 
11. Do you think it is wonderful to be alive now?       Yes  No 
12. Do you feel worthless the way you are now?       Yes    No 
13. Do you feel full of energy?          Yes    No 
14. Do you feel that your situation is hopeless?       Yes  No 
15. Do you think that most people are better off than you are?     Yes  No 
 
Total Score: 
Geriatric Depression Scale (may be copied without permission) downloaded 30 April 












Appendix J Case History 




I would like to know some basic information about your health to assess if you may 
be suitable to join the trial. Please answer all the questions below.   Thank you! 
Name: …………………………………………………………………………………. 
Date of birth: ………………………………………………………………………. 
Male/ Female (please circle one) 
Contact telephone number landline: ………………………………….. 
Cellular telephone:………………………………………………………………. 
Email address: …………………………………………………………………….. 
Highest educational achievement (e.g. grade at which left school, university 
degree):……………………. 
Marital status: Single □ Living with life-partner □ Divorced □ Widowed □ 
Do you live in assisted living or frail care?  Yes □ No □ 
Are you computer literate?  Yes □ No □ 
Do you own your own computer? Yes  □  No □ 
Are you planning to be in Cape Town for the next six months with no long absence 
(e.g. more than three weeks), for example holidays, planned?   Yes □  No □ 
Are you already enrolled in a regular rehabilitation programme (e.g. on-going 
physiotherapy, cardiac rehabilitation at gym)?   Yes □  No □ 
 
The questions below ask about if you have fallen and any medical conditions you 
may have 
 
1. Have you fallen in the last year? This includes falls that are accidents like falling 








2. How many times have you fallen in the last year?.................... (Number of times) 
 
Below is a list of consequences of falls.  In question 3 you will be asked the cause and 
settings of the falls.  Please use either A, B, C, D or E to describe the results of the fall 
for each and every fall you have had in the last year. 
Consequences of falls – fill in A, B, C, D or E in the appropriate column below 
(Question 3) 
□ A – Serious injury: needed to be admitted to hospital or to the accident and 
emergency unit with fractured bones, head or internal injuries 
□ B – Moderate injury: wounds, bruises, cuts requiring a medical/health 
professional examination such as physical examination, X-ray, sutures 
(stiches) 
□ C – Minor injury: minor bruises or cuts not requiring health professional 
assistance, reduction in physical activities for at least three days 
□ D – No injury: no physical injury detected 
 
□ E – no injury but afraid of falling again 
 
3. Regarding your falls in the last year, please fill in the following: 
 
Number of falls outdoors……….. Number of falls indoors (e.g. at home):………….. 
 Yes/No Number 
of fall/s 
Consequences 
Cause of falls 
 
Tripping (over an obstacle) 
 
  Circle: 
 




Slipping (slippery surface)   Circle: 
 




Fall when standing up   A, B, C, D, E 
Falling from bed   A, B, C, D, E 
 
 




4. Below is a list of symptoms commonly experienced by people concerning 
dizziness and balance75.  Please tick all that apply to you: 
 
Symptom/sensation Tick if 
YES 
Rotation or spinning of surroundings  
Floating sensation  
Tendency to fall  
Fainting or almost fainting 
sensations 
 
Rotation or spinning of head/self  
Nausea   
Sudden slips or trips  
Sensation provoked by changing 
positions (e.g. turning head, rolling 
over in bed) 
 
Sensation provoked by changing 
between lying/sitting/standing 
 
Sensation provoked by physical 
strain 
 




5. Please tick any chronic illnesses you may have (Functional Comorbidities 
Index) 
 
Arthritis (rheumatoid and osteoarthritis)  □ 
Osteoporosis  □ 
Asthma  □ 
Chronic Obstructive Pulmonary (Airways) Disease, Acute respiratory distress 
syndrome, or emphysema  □ 
Angina  □ 
Congestive heart failure (or heart disease)  □ 
Heart attack (myocardial infarct)  □ 
Neurological disease (such as multiple sclerosis or Parkinson’s)  □ 
Stroke or TIA  □ 
Peripheral vascular disease  □ 
Diabetes (types I and II)  □ 
Upper gastrointestinal disease (ulcer, hernia, reflux)  □ 
Depression  □ 
Anxiety or panic disorders  □ 
Visual impairment (such as cataracts, glaucoma, macular degeneration)  □ 
Hearing Impairment (very hard of hearing, even with hearing aids)  □ 
Degenerative disc disease (back disease, spinal stenosis, or severe chronic 
back pain)  □ 
 
75 Tuunainen, E., Rasku, J., Jäntti, P., & Pyykkö, I.  (2014). Risk factors of falls in community-dwelling active 
elderly.  Auris, Nasis, Larynx, 41, 10 – 16.   




Obesity and/or BMI >30 □ 
 
6. Please list all prescription medications here (the dose does not matter, just 
the name of the drug or even just what it is for, e.g. thyroid, blood pressure).  
If you take more than one drug for blood pressure, please mention how many 
medicines you take for it (see the example):  
Example: blood pressure (Pharmapress 








7. Are you able to stand and walk without assistance including devices such as 
walking sticks/canes?  Yes □  No □ 
 
8. Do you have a pace-maker (cardiac pacer)? Yes  □  No □ 
 
9. Do you have epilepsy?  Yes  □  No □ 
 
10. Is your body weight over 150 kg?  Yes  □  No □ 
 
11. Do you have any problem with either arm/hand that would stop you from using 
a remote control? Yes  □  No □ 
 
12. Do you have any problem with either hip/leg/foot that would stop you from 
doing exercises standing or a walking programme?  Yes  □  No □ 
 
13. Is your eyesight (with corrected vision e.g. spectacles or lenses, if necessary) 
good enough to see a TV screen and to read instructions?  Yes  □  No □ 
 
14. Is your hearing (with a hearing aid, if necessary) good enough to hear 
instructions? Yes  □  No □ 
 
15. How would you rate your memory in terms of the kinds of problems that you 
have?  1 = major problems and 10 = no problems.  Please put a mark on the 
scale below to indicate what you think76. 
1 2 3 4 5 6 7 8 9 10 
 
 
76 Mullen, S. P., Wójcicki, T. R., Mailey, E. L., Szabo, A. N., Gothe, N. P., Olson, E. A., ... & McAuley, 
E. (2013). A profile for predicting attrition from exercise in older adults. Prevention Science, 14(5), 
489-496. 




16. Do you have any neurological disorders like Parkinson’s disease, damage 
from a stroke etc. that might prevent you from participating?  If so, please give 




17. Have you had recent (within the last year) hip or knee surgery including 
replacements? Yes  □  No □ 
 
18. Do you have any severe or life-threatening illness (e.g. cancer, end-stage 
disease of organs such as kidney, lung or heart; even if you are not on 
treatment)?  
Yes  □  No □ 
 















 Appendix J.2 FRAT-up webpage screenshot. 
 
Retrieved 29.3.2019 from http://ffrat.farseeingresearch.eu/runAssessment 
 
Current risk of the subject: Unknown 
 
Health profile of the subject: 
Does the subject suffer rheumatic 
disease? 
Yes No Use prevalence 
Does the subject suffer 
Parkinson? 
Yes No Use prevalence 
Does the subject use sedatives? Yes No Use prevalence 
Does the subject live alone? Yes No Use prevalence 
Does the subject suffer any pain? Yes No Use prevalence 
Does the subject use a walking 
aid? 
Yes No Use prevalence 
Dizziness or unsteadiness last 
year? 
Yes No Use prevalence 
Urinary incontinence last year? Yes No Use prevalence 
Does the subject use 
antiepileptics? 
Yes No Use prevalence 
History of previous falls? Yes No Use prevalence 
Fear of falling (Deshpande)? Yes No Use prevalence 
History of previous strokes? Yes No Use prevalence 
Is the subject female? Yes No Use prevalence 
Does the subject use 
antihypertensives? 
Yes No Use prevalence 
Diabetes blood glucose 126? Yes No Use prevalence 















Revised Walking Subscore: 
 
Use prevalence 
Subject's number of IADL: 
 
Use prevalence 




How does the subject feel: 
 
Use prevalence 
Number of ADL disabilities (0-6): 
 
Use prevalence 


























Appendix K Euro-QoL EQ-5D-3L Health Questionnaire English version for 
South Africa 
Introduction 
 The EQ-5D-3L measures health status and outcome of healthcare 
programmes across a myriad of settings and applications (897).  The EQ-5D-3L has 
been validated in South Africa (898) in different communities where the three level 
instrument performed well (899).  It is a simple, generic instrument, which has been 
stable since its development in 1990, apart from more levels added for each of the 
domains of mobility, self-are, usual activity, pain/discomfort and anxiety/depression 
(899).     
  




 Appendix K.1 Permission to use Euro-QoL EQ-5D-3L. 
 
 











Appendix K.2 Euro-QoL EQ-5D-3L Health Questionnaire English version 
for South Africa. 
 
By placing a tick in one box in each group below, please indicate which statements 
best describe your own state of health TODAY. 
  
Mobility  
I have no problems in walking about ❑ 
I have some problems in walking about ❑ 
I am confined to bed ❑ 
  
Self-Care  
I have no problems with self-care ❑ 
I have some problems washing or dressing myself ❑ 
I am unable to wash or dress myself ❑ 
  
Usual Activities (e.g. work, study, housework, family or leisure 
activities)  
I have no problems with performing my usual activities ❑ 
I have some problems with performing my usual activities ❑ 
I am unable to perform my usual activities ❑ 
  
Pain / Discomfort  
I have no pain or discomfort ❑ 
I have moderate pain or discomfort ❑ 
I have extreme pain or discomfort ❑ 
  
Anxiety / Depression  
I am not anxious or depressed ❑ 
I am moderately anxious or depressed ❑ 





To help people say how good or bad their state of health 
is, we have drawn a scale (rather like a thermometer) on 
which the best state you can imagine is marked 100 and 
the worst state you can imagine is marked 0. 
 
We would like you to indicate on this scale, in your 
opinion, how good or bad your own health is today. 
Please do this by drawing a line from the box below to 
whichever point on the scale indicates how good or bad 
your state of health is today. 




































state of health 
Worst imaginable 
state of health 
Your own state of health 
today 




Appendix L Self-efficacy for Exercise Scale (592) 
 
Please circle the number that corresponds to the following statements: 
How confident are you right now that you could exercise three times per week 
for 20 minutes if: 
(A score of 0 represents not confident and a score of 10 represents very confident) 
 
1. The weather was bothering you 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
2. You were bored by the programme or activity 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
3. You felt pain when exercising 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
4. You had to exercise alone 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
5. You did not enjoy it 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
6. You were too busy with other activities 
Not 
confident 









7. You felt tired 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
8. You felt stressed 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 
 
9. You felt depressed 
Not 
confident 
1 2 3 4 5 6 7 8 9 10 Very 
confident 




Appendix L.1 Reliability and validity of the SEE. 
The SEE was developed for older sedentary adults enrolling in exercise 
programmes, to predict future adherence based on qualities of self-efficacy for 
managing barriers to exercise. 
Construct and criterion validity of the SEE has been established, and 
correlations between efficacy for exercise expectations and actual adherence to 
regular exercise demonstrated (r=.42; p=<0.05).  Validity was tested with a structural 
equation model.  Correlations between the latent variable (SEE) and each item were 
explored using a lambda X.  Scores of >0.5 are desirable.  Estimates for lambda X 
were ≥0.81. 
Reliability: the SEE has internal consistency, with a desirable target of 
a=>0.70 and the SEE having a=0.92 (592). 















Appendix M Physical Activity Scale for the Elderly (PASE) 

















































Appendix M.3 Additional information and normative data for PASE.   
In the context of falls, a recent study from Iran suggested no significant 
difference in PASE scores between individuals who had fallen or not; but noted 
increased age and comorbidities resulted in lower PASE scores (597). Weaknesses of 
the measure include its lack of relationship to metabolic equivalents (596); vulnerability 
to recall bias and reporting difficulties caused by anxious, depressed or cognitively 
impaired older adults (792).  However, criterion and construct validity has been 
demonstrated (ibid.; (596) along with positive ratings for reliability (596). Table M.1 
shows normative data from the developers of the PASE.  
Table M.1. Normative data from the developers of the PASE. 




usehold Occupation Total PASE score 
Total 
sample  
31.5 ± 22.7  76.0 ± 42.7  17.7 ± 42.7  125.2 ± 79.9  
Age ≤ 
70 yrs  
29.6 ± 22.9  78.8 ± 41.5  34.5 ± 60.9  142.9 ± 98.5  
Age > 
70 yrs  
33.1 ± 23.7  73.6 ± 45.6  4.1 ± 6.3  110.8 ± 62.2  
Legend: yrs.: years.  (Additional information: Reference, Washburn et al., (1999); n = 
20; mean age for women=72.4± 4.2 years / median range for men age=69-80 years; 








Appendix N Systems Usability Scale 
Introduction 
The SUS is versatile, allowing use over a range of technologies or interfaces, 
is quick to administer and score, and is cost-effective as it is non-proprietary (900).  
Studies have established its reliability (.91 coefficient alpha where a typical minimum 
reliability goal is .70) and concurrent validity (901).  Three modifications from the 
original were adopted for this study.  An eleventh question has been added which 
addresses user-friendliness of the product, and the word “cumbersome” (item 8) has 
been replaced with “awkward”, to facilitate ease of use for non-English speakers (902).  
The word “system” was replaced with “exergame”.   
Appendix N.1 Scoring the System Usability Scale (903). 
All odd numbered items (except item 11) had one point subtracted from the 
response. All even numbered items had the response subtracted from five. All 
converted responses were summed and multiplied by 2.5 to yield a score of between 
0 and 100. Scores of ≥70 signify that the system under survey is passable in terms 










Appendix N.2 System Usability Scale.  
Instructions77  (900): 
Please check the box that reflects your immediate response to each statement.  
Don’t think too long about each statement.  If you don’t know how to respond, simply 
check box 3. 
1. I think that I would like to use this exercise-game frequently. 
Strongly disagree        Strongly agree 
     
1  2   3   4  5 
 
2. I found the exercise-game unnecessarily complex. 
Strongly disagree        Strongly agree 
     
1  2   3   4  5 
 
3. I thought the exercise-game was easy to use. 
Strongly disagree        Strongly agree 
     
1  2   3   4  5 
 
4. I think that I would need the support of a technical person to be able to use 
this exercise-game. 
Strongly disagree        Strongly agree 
     




77 Adapted after 904. Nawaz A, Skjæret N, Ystmark K, Helbostad JL, Vereijken B, Svanæs D, editors. 
Assessing seniors' user experience (UX) of exergames for balance training. Proceedings of the 8th Nordic 
conference on human-computer interaction: fun, fast, foundational; 2014; Helsinki, Finland: ACM.  




5. I found the various functions in this exercise-game were well integrated. 
Strongly disagree        Strongly agree 
     
1  2   3   4  5 
 
6. I thought there was too much inconsistency in this exercise-game. 
Strongly disagree       Strongly agree 
     
1  2   3   4  5 
 
7. I would imagine that most people would learn to use this exercise-game very 
quickly. 
Strongly disagree        Strongly agree 
     
1  2   3   4  5 
 
8. I think the exercise-game was very difficult to use. 
Strongly disagree       Strongly agree 
     
1  2   3   4  5 
 
9. I felt very confident using the exercise-game. 
Strongly disagree        Strongly agree 
     










10. I needed to learn a lot before I can get started to use this game on my own. 
Strongly disagree       Strongly agree 
     
1  2   3   4  5 
 
 





















































Appendix O Borg Rating of Perceived Exertion Scale 
 
The Borg RPE (601) examines perceived exertion during exercise.  Although 
validated on healthy adults, it is frequently used in rehabilitation settings and has fair 
criterion and construct validity (603).  Perhaps due to its ease of use, it is increasingly 
used with older adults (602).  The Borg has very strong correlations with physiological 
endpoints and good concurrent validity (602). The Borg RPE is shown below. 
 
 











Appendix P Five Times Sit to Stand Test 
The FTSST is applicable in most populations and settings; and is quick to 
administer and score (905). The FTSST has good to high test-retest reliability (MA 
pooled ICC 0.81) (884).  The test is moderately responsive (MCID78 = ≥2.3s) and 
correlates with TUG and preferred gait speed in vestibular patients (906) and other 
populations (907). Normative values, which may be used as standard mean values are 
11.4s for adults aged 60 – 69 years; 12.6s for ages 70 – 79 years and 12.7s for 80 – 
89-year olds; while cut-offs between 12-16s imply fall risk in the general older adult 
population (610).   
Prolonged scores on the FTSST are associated with ADL-related disability 
and loss of independence (908). A recent SR suggested that individuals who fallen 
had slower overall times, reduced linear velocity and maximum power than those 
with no falls (611).  These changes were most apparent when the chair was armless, 
and individuals had to rise as quickly as possible (611). The latter considerations were 
included in this design. The method and instructions (905) are provided below.  
Method and instructions  
The chair used should had no arms and the seat measured between 43 – 
47cm from the floor.  The participant sat on the chair with the arms folded across the 
chest.  Upon the word “Go” the participant rose fully to standing and then resumed a 
seated position five times, as fast as possible. Timing commenced on the word “Go” 
and was stopped when the participant’s buttocks were firmly on the seat and back 
against the backrest of the chair. Additional instructions not to ‘brace’ against the 
back of the chair (to assist the stand) were given and participants reinforced and 







78 Minimum Clinically Important Difference. 




Appendix Q Frailty and Injuries: Cooperative Studies of Intervention Technique 
(FICSIT-4) 
The FICSIT-4 (615) comprises tests of static balance in standard Romberg, 
semi-tandem and full tandem (sharpened) Romberg positions, with eyes open and 
closed and SLS.    
Changes for this study. 
The test was adapted by asking participants to attempt to maintain each 
Romberg position for 30s and SLS for 20s (embedded in the Mini-BESTest).  The 
Jendrassik manoeuvre (hands clasped, fingers intertwined, abducting arms to 
produce tension) was used for all Romberg positions (616).  Each position was 
demonstrated to the participant prior to him/her attempting the pose. The 
researcher/research assistant stood close to the participants in a position to prevent 
falls and injury but did not interfere with the tests. A gait belt was used for all static 
and dynamic balance activities.  No talking occurred during the tests to allow the 
participant to concentrate on the activity. Participants were assisted into the position 
if necessary and allowed to steady themselves.  Support was removed once the 
participant indicated s/he was ready for timing to commence.   
The test was discontinued if: the feet or arms moved out of position for any of 
the Romberg tests, and/ or if eyes were opened in an eyes closed condition.  SLS 
was discontinued as soon as one foot touched the other calf for support or the 
participant lost balance (see Mini-BESTest criteria).  
Scoring was a simple recording of the number of seconds the participant held 
each position without meeting stopping criteria. 
FICSIT-4 method and instructions. 
F1: Standard Romberg eyes open 
Instruction: stand with your feet tightly together and hands together, fingers 
inter-twined as if you are singing in the choir.  Look straight ahead and hold the 
position for 30s if possible. 
 




F2: Standard Romberg eyes closed 
Instruction: now do the same again but close your eyes once you feel you 
have got your balance. 
F3: Semi-tandem eyes open 
Instruction: place the heel of one foot to the side of the first toe of the opposite 
foot (angling of foot not permitted).  You can choose which foot you want to put 
forward.  Hold your hands as if you are singing in the choir.  Look straight ahead and 
hold the position for 30s if possible. 
F4: Semi-tandem eyes closed 
Instruction: place the heel of one foot to the side of the first toe of the opposite 
foot (angling of foot not permitted).  You can choose which foot you want to put 
forward.  Hold your hands as if you are singing in the choir.  When you have got your 
balance, close your eyes and hold the position for 30s if possible. 
F5: Full tandem (sharpened Romberg) eyes open 
Instruction: place the heel of one foot directly in front of the other foot (angling 
of foot not permitted).  You can choose which foot you want to put forward.  Hold 
your hands as if you are singing in the choir.  Look straight ahead and hold the 
position for 30s if possible. 
F6: Full tandem (sharpened Romberg) eyes closed 
Instruction: place the heel of one foot directly in front of the other foot (angling 
of foot not permitted).  You can choose which foot you want to put forward.  Hold 
your hands as if you are singing in the choir.  When you have got your balance, 
close your eyes and hold the position for 30s if possible. 
F7: single leg stance 
See item 3 on Mini-BESTest. 
In some ways the FICSIT-4 test is a more sophisticated version of the 4-Stage 
Balance test recommended by the STEADI initiative from the Centers for Disease 




Control and Prevention.  The 4-Stage Balance test is attached here to illustrate the 
foot positions used. 
STEADI 4-Stage Balance Test. 
 
Reference: downloaded 22.5.2019 from 
https://images.slideplayer.com/34/10181168/slides/slide_20.jpg 
Appendix Table 5  (616, p. 70) is reproduced with permission granted from publishers 
on 27.3.2019 and shows mean data for the following tests: 
• Standing on foam eyes closed (item 8 on the Mini-BESTest); also known as 
condition 4 on the M-CTSIB 
• SLS (item 3 on the Mini-BESTest and item F7 on the FICSIT-4) 
• Tandem Romberg eyes closed (item F6 on the FICSIT-4). 
 












Appendix R Ethical Clearance and Trial Registration Documents 
Appendix R.1 UCT Human Research Ethics Committee clearance for 
RCT.  
 




Appendix R.2 Annual Progress Report/Renewal. 




Appendix R.3 Registration with Pan African Clinical Trials Registry. 




Appendix R.4 UCT Human Research Ethics Committee clearance for 
focus groups. 






















































Appendix R.6 Confidentiality agreement for research staff. 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
      Date:  / /2016 
 
Confidentiality agreement 
I, ________________________________ [name of research assistant], agree to 
assist the primary investigator with this study by assisting with either: implementation 
of the two intervention programmes or performing the outcome measures during and 
at the end of the clinical trial.  I agree to maintain full confidentiality when performing 
these tasks.  
Specifically, I agree to: 
1. keep all research information shared with me confidential by not discussing or 
sharing the information in any form or format with anyone other than the 
primary investigator; 
2. hold in strictest confidence the identification of any individual that may be 
revealed during the course of performing the research tasks; 
3. not make copies of any raw data in any form or format, unless specifically 
requested to do so by the primary investigator; 
4. keep all raw data that contains identifying information in any form or format 
secure while it is in my possession. This includes: 
• keeping all digitized raw data in computer password-protected files and 
other raw data in a locked file; 
• closing any computer programs and documents of the raw data when 
temporarily away from the computer; 




5. give all raw data in any form or format to the primary investigator when I have 
completed the research tasks; 
6. destroy all research information in any form or format that is not returnable to 
the primary investigator (e.g., information stored on my computer hard drive) 
upon completion of the research tasks. 
In addition, I agree to: 
7. read the Belmont Report: Ethical Principles and Guidelines for the Protection 
of Human Subjects of Research (go to 
http://ohsr.od.nih.gov/guidelines/belmont.html),  
8.  accept, having understood, the responsibility to comply with the standards 
and requirements   stipulated in the approved UCT Faculty of Health Sciences 
Human Research Ethics (UCT HREC) application for this project to protect 
the rights and welfare of the participants. 
9. not initiate changes in the implementation of the protocol without prior UCT 
HREC review; which is the responsibility of the primary investigator. 
10.  promptly report any unanticipated problems in the research that involve risks 
to the participants or others.  The primary investigator will immediately report 
these problems to the UCT HREC.   
11.  seek, document, and maintain records of informed consent from the 
participants as stipulated by the UCT HREC 
12.  not enrol subjects in this research project prior to its review and approval by 
UCT HREC. 
13.  understand that it is my primary responsibility to safeguard the rights and 
welfare of research participants, and that the participants’ rights and welfare 
must take precedence over the goals and requirements of the research. 
Printed name of research 
assistant________________________________________ 
Telephone number:_______________________ 
Signature of research assistant_________________Date __________ 
Printed name of primary investigator________________________________  
Signature of primary 
investigator___________________________________Date_________  










Appendix R.7 Singapore Statement on research integrity. 
Retrieved 28 March 2019 from www.singaporestatement.org 



































Appendix S Record of Unmasking of Intervention Allocation Group 
 
This question asks whether you are aware/unaware of which intervention group this 
participant belongs to in the trial 
(Please tick one box only) 
□ I do not know which group the participant is in 
□ I have guessed the participant is in the Wii Fit group 
□ I have guessed the participant is in the Otago Exercise Programme group 
□ The participant has told me s/he is in the Wii Fit group 




Participant study number: ………………………. 


















Appendix T Reporting of Adverse Events 
FHS008: Internal Adverse Event or Unanticipated Problem reporting 
HREC office use only (FWA00001637; IRB00001938) 
  Report is noted and filed - no further action required. 
 




Chairperson of the HREC 
signature 
 Date  
Principal Investigator to complete the following:  


















2. Documents for approval 
Please itemise on the page below, all documents including revised version numbers 
and dates, which need to be noted or approved. This page will be detached, signed 
and returned to the PI as notification of the HREC’s approval. (If any protocol amendments 
occur please separately complete the FHS006 form) 





3. Description of Internal Adverse Event (tick √)  
Definitions and timelines for reporting internal (on site) adverse events and unanticipated 
problems are posted on the HREC website. 




 Fatal or life-threatening adverse event or drug reaction 
 Serious and unexpected, non-fatal adverse event or drug reaction 
 Expected adverse event or drug reaction occurring at a greater than expected 
frequency or severity 
 Serious and unanticipated adverse device reaction 
 Unanticipated problem that increases risk of harm to participants 
 New information that might impact the conduct of a clinical study 
3.1 Please provide a brief description of the event 
 
 3.2 This report is   Initial 
  
  Follow up 
 3.3 In the opinion of the local PI, is this event related to the study drug, device, or 
procedure? (tick √ one) 





 3.4 Action taken (tick √ all that apply) 
 Hospitalisation 
 Study treatment altered (e.g. drug dose changed) 
 Study treatment stopped/ device removed 
 Study blind broken 
 Monitoring progress 
 Removed from study 
 Other. Describe in Section 2.1 
 3.5 Outcome (tick √ all that apply) 
 Complete resolution 
 Ongoing/ unresolved 
 Partial recovery 
 Disability or impairment (permanent) 
 Disability or impairment (may improve with time) 
 Death  
 Other. Describe in Section 2.1 




4. Follow-up actions 
MCC notified   Yes    No 
Are any protocol revisions required?   Yes    No 
Should the consent/assent form(s) be amended?   Yes    No 
Will currently enrolled participants be notified of this 
event? 
  Yes    No 
Note: If yes to any of the above, please enclose an Amendment Form (FHS006) and 
revised documents with all revisions highlighted in bold or italics. 
 
5. Signature  
My signature certifies that I will maintain the anonymity and/ or confidentiality of 
information collected in this research. If at any time I want to share or re-use the 
information for purposes other than those disclosed in the original approval, I will seek 
further approval from the HREC. 


















Appendix U Capacity of Individuals to Participate in Decision-making 
A vulnerable state is a condition in which people may be unable to protect 
themselves from harm (645, 909).  Vulnerability may result from either extrinsic factors, 
such as social status; or intrinsic influences such as the presence of medical or 
psychological illnesses or even older age (645) (909).  Vulnerability decreases a 
person’s threshold for exploitation (645) (909).   As understanding the ramifications of 
participation is essential before an individual can decide to participate, some level of 
reasoning is required (910).  In this study, the target group of participants was older 
adults, which is some cases may raise issues such as possible diminishment of the 
capacity to give informed consent (652).  For example, numbers of people with 
dementia, associated with disorders of memory and thinking, are increasing as the 
world population ages (911, 912).   
The first foundation of informed consent, disclosure of information, is 
described in the main section of this report.  Regard for a potential participant’s 
capacity to promote their own interests, and steps to protect him/her from potential 
exploitation or harm (909, 913) is presented here.  The capacity to decide regarding self-
determination, in this case to enrol in a clinical trial or not, comprises the following 
processes: 
• Understanding information about the research, including potential risks and 
benefits (652, 870, 914). 
• Applying knowledge of the study to the participant’s individual situation and 
his/her important values (644, 914, 915). 
•  Processing the information and potential consequences of the decision to be 
made, and rationalising alternative courses of action (652). 
• Communicating a free and informed decision about participation (652). 
As detailed in the Methodology Chapter, potential participants were screened for 
cognitive decline which may challenge understanding the information provided (916) 
and the ability to give informed consent.  Screening tests are not substitutions for 
diagnostic tests of cognitive function but serve as a useful base-line (652).  The 
selection of the Mini-Cog screening test was made in line with ethical principles in 
that it, compared to other measures such as the Mini Mental State Examination, is 
relatively free from bias from ageing, educational, linguistic and cultural factors (573, 




886, 917) making the Mini-Cog suitable to use in a heterogeneous study population.  
Assessment of the individual’s capacity to make a decision was conducted after 
information regarding the study has been given and all questions answered (652) and 
consent taken.  Those failing the Mini-Cog were excluded in order protect potentially 
vulnerable individuals from being exposed to risks they may not comprehend, and 
possible harm.   
Proxy consent for individuals failing the Mini-Cog, proxy consent was not sought.   
Under South African law, proxy decision making for adults is not permissible unless 
the proxy is a court-appointed curator (918); and implementing legal strategies to 
permit incapacitated adults to participate in this research was inappropriate.  
Furthermore, individuals without the capacity to make their own decisions regarding 
participation, may not have been able to undergo an intervention such as an 
exercise programme without a high level of direction.  Simple and mostly indirect 
supervision was envisaged as part of the study procedures.  Finally, research should 
only be conducted when there is a reasonable chance that the population on whom it 
is performed will benefit from the results (650).  In the case of diminished capacity, a 
proxy would be required to accept any potential risks to the participant (652), which 
when contrasted with possible benefit, given the constraints of the person’s 
condition, may be less assured.   
Appendix U.1 Strategies to enhance the informed consent process. 
Informed consent documents are often complex and use legal terms, making 
them difficult to read and understand (919, 920).  Information given was written in an 
understandable format (910), using plain English and the use of medical or legal 
jargon avoided (921).  A Flesch-Kincaid analysis (922) was conducted on the 
information sheets and informed consent documents to assess readability and 
accessibility of the documents.  Results were at a Grade 9.3 level which is equivalent 
to having attended senior year high school (923); and thus compatible with the 
minimum educational entrance requirement for the study. In addition, use of 
language, sensitivity to older adults’ educational and cultural backgrounds and their 
attitude to falls and fall prevention (256, 924), were considered.   




Appendix U.2 Beneficence. 
The well-being of research participants is essential.  Beneficence also 
requires that the demands inherent in research, for example, possible inconvenience 
or discomfort to the participants, are balanced against the benefits (925).  This is 
discussed further under risks and benefits for participants in the Methodology 
Chapter.  The concept of promoting good is embraced by conducting a relevant 
research study, with established clinical equipoise and the intention of disseminating 
the results (926).   
Appendix U.3 Non-maleficence. 
Doing no harm is one of the Hippocratic tenets (644). Potential sources of harm, 
and mechanisms to manage these include: 
• Physical harm, for example, worsening symptoms or side effects from 
treatment (926).  The study population have done either more exercise than 
previously, or a different type of exercise, for example, weight bearing.  There 
are substantial benefits from exercise in older adults, so it was anticipated that 
the benefits would outweigh any temporary change in symptoms; or side 
effects from interventions, for example, muscle aches from re-conditioning 
muscles.   
• Causing stigma to either groups or individuals (926). To reduce any possible 
stigma concerning falls and fall prevention, the interventions were presented 
as exercise programmes designed to enhance healthy living.  Promotion of 
ageing-in-place 79 and maintenance of independence for as long as possible 
(254) attempted to reduce judgements on those who  




79 Residing in one’s own home for as long as one is able to care for oneself 927. Mynatt ED, Melenhorst AS, 
Fisk AD, Rogers WA. Awareness technologies for aging in place: understanding user needs and attributes. 
Pervasive Computing. 2004;3:36-41. 




Appendix V Example of Participant Referral for Further Services 
 
Department of Health and 
Rehabilitation Sciences 
Faculty of Health Sciences 
Divisions of Communications 
Sciences and Disorders, Nursing 
and Midwifery, Occupational 
Therapy, Physiotherapy  
 
F45 Old Main Building, Groote 
Schuur Hospital,  
Observatory 7925 









Thank you for agreeing to be assessed as part of my clinical trial.  As we 
discussed, you have/have not been assessed as suitable/not suitable to participate in 
the exercise/costs trial.  We will remain in contact regarding the trial. 
 
Aside from, and completely separate to any commitment to the clinical trial, we 
discussed your possible need to see a physiotherapist.  This letter acts as your referral.  
The therapists I can recommend are (in alphabetical order): Terry Douglas, Kenilworth, 
on 021 761 2713; Athene Irving, Constantia, on 079 895 3653; and Marcelle Pienaar, 
Constantiaberg, 021 797 1777.  Please feel free to contact any of these specially 
trained therapists for an assessment and/ or treatment.  I have worked with all these 
therapists and can recommend them all equally.  Please note that this referral is a 
clinical/therapeutic recommendation.  It is up to you to decide if you wish to proceed 
or not.  Unfortunately, such a consultation is completely separate from the trial and 
any expenses related to assessment and treatment in the therapist’s private capacity 
are for your account and will not be paid for as part of the trial.   
 




Your test results showed a score of …………/28 on the MiniBESTest and ………/24 
on the Dynamic Gait Index.  Timed Up and Go simple was achieved in ……… 
seconds and in ………… seconds for the cognitive condition.  In addition, you should 


















Appendix W Focus Groups 
Appendix W.1 Thank you letter to site managers and permission to hold 
focus group. 
Department of Health and Rehabilitation 
Sciences 
Faculty of Health Sciences 
Divisions of Communications Sciences and 
Disorders, Nursing and Midwifery, 
Occupational Therapy, Physiotherapy  
F45 Old Main Building, Groote Schuur 
Hospital,  
Observatory 7925 
Tel: +27 (0) 21 406 6315  
E-mail: Christine.Rogers@uct.ac.za 
Internet: www.uct.ac.za 
      29.7.2017 
 
Dear ……………………………. (site manager) 
Re: fall prevention clinical trial and focus groups 
Thank you so much for your interest in the trial so far.  Just to remind you, my 
name is Christine Rogers, I am a doctoral degree student at UCT and the purpose of 
this study is for research.  You very kindly provided me with information about your 
site and access to the residents.  I would like to thank you so much for this.  You 
may be aware that some residents started the exercise programme, and either 
continued with it; or for some reason decided it was not for them.  I have received 
very valuable feedback about residents’ experiences and I am interested to learn 
more about this. 
I would like to host something called a focus group and would like to request 
access to the common room at your site in order to hold the group.  This letter 
explains what is requested in more detail. It is followed by an informed consent form.   
What is this part of the research about? 
I will be running a small group of between six and eight people at a time that 
suits the residence.  All the participants in the group will come from your residence, 
and I would like to meet in the communal area (e.g. residents’ lounge), which I will 
book with you in advance.  The group will start by having some refreshments and 




settling in.  Then I will guide the group in some activities which are described in more 
detail below. 
 
What will the residents have to do? 
Once residents have agreed to join the group and signed the consent 
They will be asked to think about three things: 
• Their attitude to falls and any thoughts about fall prevention 
• their experience of the exercise intervention (whether good or bad – I’d like to 
know!) 
• What if anything, made them leave the programme OR continue with it 
Then they will put their thoughts or the most important ideas on sticky notes.  After 
that we will discuss as a small group.  Everyone is encouraged to participate and 
have his or her say.  I will chair the group to make sure all the areas are covered in 
the time we have.  To finish, we will look at the sticky notes again and arrange them 
on a big sheet of paper in order of the most important to the least important. 
What else do I as a manager need to know? 
• As always, the residents’ is entirely voluntary.  They do not have to agree to 
join the group.  Residents will be contacted by a research assistant with whom 
they do not have a therapeutic relationship, so they don’t feel obliged in any 
way.  If residents agree to participate and arrive, they may leave at any time 
without having to explain why. 
• Unfortunately, we cannot pay participants for their participation, but they will 
be given refreshments and a small token of my appreciation for their time. 
• I expect the discussion to take about 90 minutes plus time for tea, so 
residents need to allow about two hours of their time overall. 
• The discussion session will be audio-recorded.  The conversation will be 
written out in full and then analysed.  Names will not be used in the write up, 
rather residents will be given a pseudonym.   
• Unlike the other parts of the research programme so far, residents will know 
who the other members of the group are.  This means that while I can protect 
their identity and privacy in any write-up of the results, the other group 
participants will know who everyone is and what they think.  I will ask 
everyone to keep the session confidential to “outsiders” but cannot do more 








What about risks and benefits? 
• While there is no direct benefit for the residents, their experience will give me 
valuable feedback about the study and the design of any future studies. 
• It is unlikely that much personal or distressing information will be revealed in 
the group.  However, should residents become emotional or upset I will offer 
immediate psychological first aid after the session and a referral if requested. 
• There is a potential risk in terms of a breach of confidentiality in the group.  I 
will ask everyone present to keep the group’s confidence but cannot 
guarantee they do so.   
• Residents’ names will never be entered into the report; and the site will not be 
identifiable, so it will not be possible for anyone reading the report to trace 
thoughts and comments back to individuals. 
• These precautions, plus the voluntary nature of the study, make the 
risk/benefit ratio acceptable 
Please do feel free to ask any questions you might have.  As you know, the 
overall project has approval from our Human Research Ethics Committee (reference 
number HREC 818/2015) and permission to conduct this part of the trial has been 
granted.  
Should you have any questions please don’t hesitate to ask.  My supervisor’s 
names and contact details appear below; as do the details of the Chair of the Ethics 
Committee. 
Thank you again for your time and co-operation 
 
Christine Rogers 
Student:  Christine Rogers, Telephone 021 406 6315.  Email: 
Christine.Rogers@uct.ac.za 
Supervisors:  
Prof Dele Amosun: Telephone 021 406 6628 Email: Seyi.Amosun@uct.ac.za 
Dr Delva Shamley: Telephone 021 650 1975  Email: Delva.Shamley@uct.ac.za 
If you have any ethical queries or concerns, in particular regarding individual 
rights or the welfare of any research participant, please contact  
Faculty of Health Sciences Human Research Ethics Committee 
Telephone: 021 406 6492 
Email: sumayah.ariefdien@uct.ac.za 




Appendix W.2 Interview schedule for focus group discussions. 
 
Topic: Falls and fall management  
Are you concerned about falling? 
What do you think might contribute to your risk of falling? 
Do you know of any strategies to prevent or manage the risk of falling? 
 
Topic: Trial interventions and adherence  
Sample questions adapted from Wollesheim, Merkes, Shields, Liamputtong, Wallis,  
Reynolds, et al., (928): 
Why did you join the programme? 
Why have you stayed or left the programme? 
What was good about the intervention? 
What was hard about the intervention? 
 
Probes: 
What did you like about it? 
What did you dislike about it? 
What would you change? 
Would you do it again/recommend it/like this to be provided permanently for you 
 




Appendix X Additional Data for Results Chapter 
Appendix X.1 Site recruitment. 
Error! Reference source not found. shows site recruitment process from the initial contact to the recruitment presentation.  S
imilar processes were conducted for all sites.  






Purpose of the 
Communication/Activity 





Phone call to Site 
C reception. 
Establish initial interest, 
ascertain name of manager. 
Five minutes. 




Email to manager. 
Set up appointment to introduce 
study to Site manager/s. 
Two emails each 
way to finalise 
appointment, 20 
minutes. 









Discuss study, obtain Site 
manager’s informed consent, 
set up date for presentation. 
One hour, in 
person. Forty-
minute commute 
to and from Site C. 
Presentation date set, 
documentation provided in 
hard copy (previously 
emailed). 









Three emails, follow up done. Twenty minutes. 
Indication of interest from 
manager obtained and 
signed, date of presentation 
postponed due to prior 
commitments on Site, 





Phone call to Site 
C manager. 
Confirmation of Site C 
participation and date of 
recruitment presentation. 
Five minutes. 
Site C management 
volunteered to provide some 
snacks for the residents 
attending the recruitment 
presentation. These 
supplemented those 
provided by the researcher. 
(Note, researcher provided 
all refreshments at all other 
Sites). Site C permitted the 
recruitment presentation to 
proceed prior to formal site 
induction due to the timing of 














Set-up of venue (audio-visual 
presentation set up, catering 




presentation question time. 
 








Pool of interested individuals 
willing to be contacted for 
explanation of study. 
 
80 Christmas falls in summer in South Africa and frequently long vacations are taken at this time.  Older adults may join their children on holiday or host visitors during this 
period.  For many industries (except service and tourism industries), annual breaks are scheduled from approximately 15 December to 10 January (Reference: 




































Appendix X.2 Procedures completed at site initiation visits. 
Table X.2 gives details of procedures conducted at site initiation visits.  
  
Table X.2. Details of site inspection and enrolment procedures. 
Document /Activity Yes No N/A Comments 
Ensure signed and 
dated curriculum vitae 
are available for study 





Offered and declined by all sites.   
Familiarize staff with the 
protocol.  
x   Managers and nursing staff, where available, 
were present at site initiation meetings. 
Familiarize staff with the 
two interventions.  
x   Both interventions were explained.  Cluster 
randomization of the interventions was 
described. Intervention allocation was revealed 
immediately before the interventions 
commenced, as WBB equipment had to be 
installed (Sites B and C).   
Ensure that a trial 
agreement has been 
signed and agreed with 
site.  
x   Site and managerial consent documents signed 
for all sites.  
Ensure 
indemnity/insurance is 
available for trial site.  
  x Study covered by UCT’s no-fault insurance 
policy. 
Ensure ethics clearance 
approval has been 
granted for the study, 
contact details of ethics 
committee and 
reference number 
provided to site. 
x   Copy of ethical clearance documentation and 
reference number provided in introductory pack. 
Repeated clearance for the focus groups was 
provided and managers and participants re-
consented. 




Ensure adequate study 
staff is available.  
x   One physiotherapist delivered both 
interventions.  One research assistant assisted 
with outcome measures at three and six months.  
Participants were not exposed to a high staff 
turnover and could build relationships, 
particularly with the researcher (present at every 
visit) and physiotherapist.  
Discuss and determine 
the responsibilities of 
the staff in the clinical 
trial team.  
x   Staff were provided with a pack of outcome 
measures and the protocol.  Research staff 
signed confidentiality agreements and were 
blinded to the site allocation. 
Familiarize staff with 
GCP requirements 
x   Documentation provided in site pack. 
Check that facilities that 
are required are 
available and functional.  
x   Sites B and C did not have a television in the 
required location.  The researcher provided a 
television, mounting bracket and extension 
cables for Site B.  Site C’s board of trustees 
purchased a television and screens for privacy. 
A diary was provided next to each WBB, so 
participants could book sessions. 
Locate a suitable place 
to store the equipment.  
x   WBB situated in a games room at Site B and a 
screened off area in a communal hall at Site C.  
Participants undergoing OEP (Site A and Site D) 
stored their pamphlets and weights (ankle cuffs) 
in their homes. 
Ensure materials and 
documents for the trial 
have been received and 
securely stored.  
x   Sent electronically and personally delivered in 
hard copy to all sites. 
Prepare and maintain 
investigator’s file.  
x   Protocol and data collection sheets available 
throughout trial. 




Appendix X.3 Demographic and self-assessment scores collected at 
base-line and their impact on adherence. 
Table X.3 shows an analysis of demographic factors and scores from 
questionnaires with the potential to influence adherence.













(n = 6) 
Adherence at 
three months: 
OEP (n = 5) 
Attrition at 
three months: 






Age (years, months) 77.3 (4.6) 74.8 (6.6) 78.8 (3.8) 83.5 (5.9) .547 .163 
Gender (female) 4 (100%) 5 (83.3%) 3 (60%) 4 (66.7% 1.00d 1.00d 
Education (> matric) 4 (100%) 3 (50%) 3 (75%)b 3 (50%) .200d .571d 
Functional Comorbidities Index 
score 
2.8 (1.5) 3.5 (1.6) 3.8 (1.3) 4.8 (1.3) 
.486 .228 
Fallen in past year (yes) 2 (50%) 4 (66.7%) 2 (40%) 2 (33.3%) 1.00d 1.00d 
Single/recurrent fall (single) 2 (100%) 2 (50%) 1 (50%) 1 (50%) .467d 1.00d 
Number of falls past year 1 (0) 1.5 (0.6) 1.5 (0.7) 2.5 (2.1) .312 .592 
SEE baseline 8.3 (1.1) 6.9 (1.8) 6.3 (1.5) 7.2 (2) .196 .427 
SEE 3-months   1.3 (0.5) 1 (0) 1.2 (0.4) 1 (0) .476e .429e 
EQ-5D 3-L score baseline  1.2 (0.2) 1.1 (0.1) 1.1 (0.1) 1.4 (0.2) .393 .059 
EQ-5D VAS baseline 83 (7.3) 87.2 (4.2) 80.8 (6.6) 73.5 (11.4) .277 .240 
EQ-5D 3-L score 3-months 1.1 (0.1) 1.1 (0.2) 1 (0.1) 1.3 (0.3) .713 .085 
EQ-5D VAS 3-months 89 (11.6) 83.3 (12.1) 84.4 (9.2) 73.5 (12.2) .482 .136 
PASE score baseline 69 (16.7) 79.5 (51.1) 77.9 (31) 59.8 (26.4) .706 .322 
PASE score 3-months 56.3 (19.9) 63.6 (42.4) 81.3 (31.2) 53.1 (35.6) .758 .201 





Appendix Table W.3 data and legend 
aData based on 5 participants. bData based on 4 participants. cData based on 5 participants. dFisher’s Exact test performed. 
eWilcoxon signed-rank test performed. For continuous variables, means are presented with standard deviation in parentheses. For 
categorical variables, actual numbers are presented with proportions in parentheses.   
Legend:  SEE: Self Efficacy for Exercise; EQ-5D-3L: EuroQOL quality of life score; EQ-5D-3L VAS: EuroQOL quality of life Visual 
Analogue Scale; PASE: Physical Activity Scale for Elderly;  GDS: Geriatric Depression Scale; FRAT-up: Fall Risk Assessment Tool 
for community-dwelling elders.  
Mini-Cog score 4.3 (1) 4.7 (0.8) 4.6 (0.9) 4.5 (1.2) .480 .883 
GDS 0.5 (0.6) 1.4 (2.6)a 0.4 (0.9) 2.4 (2.3)c .525 .108 
FRAT-up score 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) .689 .733 





Table Y.1. Breakdown of feasibility study costs. 
 Item and description Cost and comments 
Programme-related costs  
Consumables for both programmes  
Recruitment presentation refreshments (all sites). R2 156 
Site recruitment phone calls. 
Average five calls/site during business hours.  
Average R2.50/call for five minutes. 
Ten minutes for first call to each site, then five 
minutes per follow up call x four calls per site 
R100 maximum.  Some calls made 
using Broadband connection.  Once 
sites were recruited, most 
communication was via email. 
Participant recruitment phone calls (average of two 
calls per participant screened).  In South Africa, 
unanswered telephone calls incur a charge.  
Number of potential participants 
interested = 102 x 2 calls per 
participant/x 2.50 per call = R510 
Printing of intervention programmes, assessment 
packs for sites and participants, exercise/fall 
calendars, stickers and magnetic clips for calendars 
to be stuck to participants’ refrigerators  
R7 169.63 
Test purchase  
PASE purchased 2014 US$125 R1 388 (using 2014 exchange rate) 
Equipment – OEP intervention  
Ankle weight cuffs one set/OEP participant  R2 190 
Equipment – WBB intervention  
Television, bracket for wall mounting and extension 
cable Site B  
R3 676 
Television, bracket for wall mounting and extension 
cable Site C 
R0 (bought by Board of Trustees) 
Wii equipment (balance board, interface, remote 
controls); two complete units 
R2 700 
Batteries for remote control (two boxes/site x 2 sites)  R366.40 
 
 




 Item and description Cost and comments 
Physical end-point assessment equipment  
Ankle incline board (Mini-BESTest) R2 776 
Stopwatches x3 (timed tests) R450 
Traffic cones (DGI) R75 
Metal measuring tape (Mini-BESTest, DGI) R114 
Airex Balance Pad (Mini-BESTest) R856 
Sundries: Hand-sanitiser, tissues, clipboards, pens, 
box for Mini-BESTest, simple lunches/snacks for 





Research personnel training and staff costs  
Researcher training (2015): CREDE Good Clinical 
Practice Training (required for a registered RCT). 
 





Clinical Investigator Certification Course R4 200 
Researcher’s personal insurance/professional 
indemnity.  This personal cover is in addition to 
UCT’s no fault insurance, for which there was no 
direct charge. 
R895 per year x 3 years: 
R2 685 
Researcher’s registration with professional statutory 
body (essential for practice as an audiologist) 
 
2016 (data collection commenced): 
R1 378 
2017 (data collection continued): 
R1 543 
2018 (data collection continued): 
R1 642 
Physiotherapist OEP on-line training registration fee 
Physiotherapist OEP training: time 4 hours.   











 Item and description Cost and comments 
Physiotherapist WBB training: time 6 hours.  
Hourly rate R400 
R2 400 
Physiotherapist time for both interventions (contact 
time including follow-up, telephone call follow-up).   




Researcher’s hours eligibility/consent interview 
1.5 hours per appointment 
 







Researcher’s hours following up participants at three 
and six months 
45 minutes per participant (0.75 [minutes] x 34 
participants @ R378.17) 
 
Rate per hour at senior lecturer level: R378.17 
(contract basis) 




31 participants at six months 
R8 792.42 
Research assistant following up participants at three 
and six months 
45 minutes per participant 
Hours rounded to per hour/part thereof as casual 
employee 
Hourly rate at junior research fellow level: R150  




31 participants at six months 
R4 650 
Focus group expenses  
Focus group refreshments (3 sites) R1 260 












 Item and description Cost and comments 
Focus group facilitator and assistant 
Hourly rate at junior research fellow level: R150  
 
Calls to set up appointments 
 
Hourly rate at junior research fellow level: R150  
Focus group transcription (three groups of 90 
minutes each) 
Hourly rate at junior research fellow level: R150  
 
Two staff, 6 hours total 
R1 800 





Database, data capture and analysis  
Redcap Database site construction  
Data capture 
Data consolidation meeting with researcher 
Database training/quality assurance 
Data entry  
Hourly rate at junior research fellow level: R150  









Statistician support   
Total of 28 hours at a staff discounted rate of R300 
per hour (initial briefing by researcher, design, 
computation, consultation with researcher) 
R8 400 
Grand total R 203 456.26 
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